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Abstract 
Bosnian, Croatian, Montenegrin, and Serbian (BCMS) belong to Western South Slavic 
languages, which make up what was formerly known as Serbo-Croatian. According to Surdučki 
(1964, p. 177), BCMS has a phonotactic constraint whereby the consonants that occur in a 
complex coda must agree in voicing. Because devoicing of the final consonant in the double 
coda is a common phonological process across languages, a word such as <bags> /bægz/ is 
frequently produced as /bægs/. However, due to the BCMS voicing harmony, the devoicing of 
the final consonant within the coda calls for regressive assimilation in BCMS English. This 
results into BCMS speakers pronouncing /bægz/ as [bæks]. To test this hypothesis, I examine 
seven words containing voiced double codas produced by twenty BCMS speakers of English, 
comparing them to the control group consisting of five native English speakers. The text that 
serves as the basis for this analysis is found at The George Mason University (GMU) Speech 
Archive website. I also take into account GMU’s impressionistic transcriptions of the coda 
clusters in question. The BCMS speakers showed a tendency to substitute /dz/ and /gz/ with [ts] 
and [ks], respectively. The remaining clusters, including bilabial stops, alveolar nasals, and velar 
nasals, were less frequently devoiced. Intelligibility is mostly impaired in the case of /dz/, as the 
Relative Functional Load (RFL) of /d/ and /t/ is 72%. Additionally, competition which is created 
between lexical neighbors such as <kids> /kɪdz/ vs. <kits> /kɪts/, <bags> /bægz/ vs. <backs> 
/bæks/, <slabs> /slæbz/ vs. <slaps> /slæps/, and <things> /θɪŋz/ vs. <thinks> /θɪnks/ may 
interfere with intelligibility. This study informs ESL/EFL (English as a Second/Foreign 
Language) instructors on BCMS double coda devoicing, which can assist them in effectively 
teaching pronunciation to these speakers of English. 
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Chapter I: Introduction 
 
The ultimate goal of most second and foreign language learners is to attain proficiency in 
their target language. It is difficult to arrive at one specific definition of proficiency. Many 
researchers acknowledge the distinction between oral and written proficiency (Ellis, 2006), while 
some also subscribe to Chomsky’s (1965) theory of transformational/generative grammar in 
which he makes a distinction between linguistic competence and performance. Additionally, 
Cummins (1979) introduces BICS (basic interpersonal communicative skills) and CALP 
(cognitive academic language proficiency), which represent the difference between 
conversational and academic language. One thing is certain: the majority of language learners 
agree that mastering pronunciation is key to effective communication with native and proficient 
speakers. Teaching English as a Second Language (ESL)/English as a Foreign Language (EFL) 
is greatly facilitated if there is a body of research that can guide teachers. This study is designed 
to provide insights from theoretical linguistics on phonetics and phonological transfer and 
pedagogical implications of possible negative transfers of English coda clusters of Western 
South Slavic speakers of English. The inspiration for this research came from personal reasons of 
improving English and a wish to aid fellow teachers and learners of English. 
Rationale for the study 
 
Western South Slavic languages comprise Bosnian, Croatian, Montenegrin, Serbian, and 
Slovene (excluded from this study). These four languages emerged from the official language of 
former Yugoslavia, Serbo-Croatian, currently known as Bosnian-Croatian-Montenegrin-Serbian 
(hereinafter referred to as BCMS). These four languages are standard varieties of the former 
official language; therefore, the mutual intelligibility between them nears 100%. A very complex 
syllable structure is shared by these varieties: the syllable comprises up to three consonants in the 
13 
 
 
 
coda. According to Surdučki (1964, p. 177), BCMS has a phonotactic constraint whereby vowel- 
consonant-consonant, or VCC, codas in which one consonant is voiced and the other is voiceless 
are disallowed. For instance, final consonant clusters such as /zd/ and /ks/ in the BCMS words 
<grozd> and <keks> are permitted, but combinations of voiced and voiceless consonants are not. 
The only exception of the BCMS voicing harmony is that the sonorant /n/ can occur next to a 
voiceless consonant in BCMS double codas. Therefore, the rule is formulated as follows: 
1) C[+voice] C[+voice] 
 
2) C[-voice] C[-voice] 
 
3) *C[-voice] C[+voice] 
 
4) *C[+voice] C[-voice] 
 
Devoicing of the final consonant within the double coda is a common phonological process 
across languages. When final consonant devoicing occurs in an English word such as <bags> 
/bægz/, resulting into /bægs/, the BCMS voicing harmony calls for regressive assimilation in 
English double codas produced by BCMS speakers. Therefore, if the voicing harmony is 
transferred into English, Serbo-Croatian speakers would not be able to produce /bægz/ as [bægs], 
they would instead devoice the whole coda and pronounce it as [bæks]. This study aims to 
answer the following questions: 
1) Do Western South Slavic speakers negatively transfer coda voicing harmony of their 
native languages into English? 
2) If they do, what segment sequences are used in cases in which the constraint is violated? 
 
3) Do the compensatory strategies interfere with intelligibility? 
 
Research on double coda devoicing is very limited. Broselow, Chen, & Wang (1998, p. 
 
264) report coda devoicing as one of the coda simplification methods in English of Mandarin 
14 
 
 
 
Chinese speakers. According to Padgett (2002), in Russian, “obstruents devoice word-finally” (p. 
2). Coda devoicing is recorded in native English speakers’ speech as well. Anderson & Davis 
(2013, p. 2) report that the coda obstruent devoicing tendency of German is transferred into 
Pennsylvania Dutchified English (PDE). Additionally, Chicano English has a feature of final /z/ 
devoicing, according to Bayley & Holland (2014, p. 385). To my knowledge, there is no research 
on single or double coda devoicing in Western South Slavic languages, nor on its transfer to 
English. 
International Phonetic Alphabet (IPA) transcription can reveal a great deal about speech 
patterns of second language learners; however, one cannot rely solely on impressionistic 
transcription to assess intelligibility. Koffi & Ruanglertsilp (2013, p. 144) observe that there is 
often a disconnect between production or perception of a sound and its transcription. Munro 
(2011, p. 9) stresses the importance of focusing on phonetics in order to reduce intelligibility and 
comprehensibility issues. For this reason, in order to accurately determine the effect of BCMS 
speakers’ English double coda devoicing on intelligibility, an acoustic phonetic analysis needs to 
be completed. This assessment is based on Catford’s (1987) Relative Functional Load, which he 
explained as follows: 
 
Another principle that can be applied to the selection of phonological items, particularly 
phonemes, is the functional load. The frequency of a phoneme or phonemic opposition is 
the number of times that it occurs per thousand words in text. On the other hand, the 
functional load of a phoneme or phonemic contrast is represented by the number of words 
in which it occurs in the lexicon, or in the case of a phonemic contrast, the number of 
pairs of words in the lexicon that it serves to keep distinct. (p. 88) 
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Relative Functional Load (hereinafter referred to as RFL) is divided into RFL of vowels, initial 
consonants, and final consonants, the last of which can serve to gauge whether or not coda 
devoicing interferes with the intelligibility of South Slavic-accented English. Another insightful 
method of determining intelligibility impairment is lexical competition, which is created between 
lexical neighbors; that is, words which are acoustically similar (Taler, Aaron, Steinmetz, & 
Pisoni, 2010). For instance, words such as <kids> /kɪdz/ and <kits> /kɪts/ are lexical neighbors, 
therefore, when a speaker produces one instead of the other, cognitive processing in the form of 
lexical competition takes place in the listeners’ brain in order to rule out the competitor which 
was not uttered by the speaker. 
 
Because IPA transcription is not entirely reliable, it is important to employ additional 
ways to determine the degree of voicing or devoicing in English codas. Stevens, Blumstein, 
Glicksman, Burton, & Kurowski (1992) defined post-vocalic fricatives as “phonetically voiced” 
if the duration of voicing is 30 ms or longer, and “phonetically voiceless” if its duration is shorter 
than or equal to 30 ms (p. 2987). Smith (1997), using acoustic, airfow, and electroglottographic 
(EGG) data, proposes a different way of measuring degrees of voicing by dividing segments into 
three categories: “0-25% voicing = devoiced; 25-90% = partially voiced; 90 – 100% voicing = 
voiced” (p. 478). Gradoville (2011) found that “tokens with as little as 40% voicing (60% 
voiceless) are perceived as voiced. A token … does not even have to be mostly voiced for it to be 
perceived as voiced by the participants” (p. 68). Because it offers a straightforward threshold, 
Gradoville’s voicing categorization will be used to determine levels of voicing and 
devoicing/voicelessness in this study. 
The complicated political, and therefore linguistic, situation of former Yugoslavia makes 
it difficult to determine the number of speakers of each of the four standard varieties of Serbo- 
16 
 
 
 
Croatian. Montenegrin became the official language of Montenegro in 2007. Because of such a 
recent politically driven change, it is difficult to estimate the number of Montenegrin speakers. 
Parkvall (2007) estimates that there are about 19 million speakers of Serbo-Croatian, which 
includes speakers in the diaspora. As Jenkins (2006) reiterated, many have addressed and 
acknowledged the status of English as the lingua franca. It is safe to say that a large number of 
BCMS speakers in the diaspora are using English frequently, if not on a daily basis. However, 
this study is not only beneficial to those outside of the Balkans. English is the most commonly 
taught foreign language in schools all over Serbia, Bosnia and Herzegovina, Croatia, and 
Montenegro. 
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Chapter II: Methodology 
 
For the purpose of this study, existing data from George Mason University’s Speech 
Accent Archive website was used. As of May 18, 2016, the database holds 2183 speech samples, 
which includes non-native speakers of English with different language backgrounds, as well as 
native English speakers’ samples for contrastive analysis. The Speech Accent Archive is an open 
source database. 
All participants were recorded1 reading the same elicitation paragraph below, which 
conveniently “uses common English words, but contains a variety of difficult English sounds and 
sound sequences [and] contains practically all of the sounds of English” (Weinberger, 2015). 
 
“Please call Stella.  Ask her to bring these things with her from the store: Six spoons of 
fresh snow peas, five thick slabs of blue cheese, and maybe a snack for her brother Bob. 
We also need a small plastic snake and a big toy frog for the kids. She can scoop these 
things into three red bags, and we will go meet her Wednesday at the train station.”2 
 
Seven words in the paragraph contain voiced double codas: <things> /θɪŋz/, <spoons> 
 
/spunz/, <slabs> /slæbz/, <kids> /kɪdz/, <things> /θɪŋz/, <bags> /bægz/, and <Wednesday> 
 
/wɛnzde/. The codas which will be analyzed in this study are /ŋz/ in /θɪŋz/, /nz/ in /spunz/, /bz/ in 
 
/slæbz/, /dz/ in /kɪdz/, /ŋz/ in /θɪŋz/ (there are two occurrences of /θɪŋz/), /gz/ in /bægz/, and /nz/ 
in /wɛnzde/. The voicing harmony of BCMS applies to all voiced obstruents; however, sonorants 
were also included in this study a) for contrastive purposes; b) because the consonant /ŋ/ does not 
 
 
 
 
 
 
1 Full methodology can be found at http://accent.gmu.edu/howto.php 
2 The words <kids> and <bags> are immediately followed by punctuation signs. This might have had an impact on 
pronunciation, as informants were making a stop in speech, and therefore, their articulators were relaxing. 
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exist in BCMS, and may therefore be problematic for these speakers; and c) because four out of 
seven fully voiced double codas in the paragraph above involve a nasal consonant. 
Participants 
 
Twenty out of 35 submissions of Western South Slavic speakers’ recordings were 
selected for this study. This includes three Bosnian speakers, one Montenegrin speaker, five 
Croatian speakers, and eleven Serbian speakers. Participants’ sex, age, as well as age of initial 
exposure to English and length of residence (LoR) in an English speaking country3 are presented 
in Table 2.1. Age and initial exposure to English reveal information about possible fossilization 
in pronunciation of informants listed below. LoR gives information about quality and quantity of 
input, which according to Krashen (1985) is crucial for advancement to higher stages of 
language proficiency. Lastly, acoustic differences exist between the sexes. That is, the average 
pitch is usually higher for female speakers. Although this demographic data was not addressed in 
relation to the analysis in the present study, it is important to point out, as it illustrates speaker 
heterogeneity. 
 
Table 2.1 
 
Demographic data of selected Western South Slavic participants 
 
Speaker Gender Age English onset LoR in years 
Bosnian 1 Male 47 47 1 
Bosnian 13 Female 25 11 2.75 
Bosnian 15 Female 26 15 0.7 
Croatian 1 Female 81 16 66 
Croatian 2 Female 35 10 0 
Croatian 4 Male 38 11 1 
Croatian 5 Female 26 11 0.2 
Croatian 7 Female 21 7 0.1 
Montenegrin 14 Female 26 20 1 
     
3 Full demographic data of speakers can be found in their respective speech samples at 
http://accent.gmu.edu/browse.php 
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(Table 2.1 continued) 
 
Serbian 2 Male 36 15 0.8 
Serbian 3 Male 25 7 8 
Serbian 5 Male 35 6 1.8 
Serbian 6 Male 33 12 2 
Serbian 7 Female 31 7 2 
Serbian 8 Male 44 20 0.75 
Serbian 9 Female 31 9 3.5 
Serbian 10 Male 25 7 1.5 
Serbian 12 Female 25 11 2 
Serbian 16 Male 33 9 6.5 
Serbian 17 Female 29 10 0 
MEAN N/A 33.2 12.55 5.13 
 
 
Out of 35 submissions of Western South Slavic language speakers, eleven females and 
nine males were selected. The main requirement for the selection was that the speaker’s audio 
had to be accompanied by IPA transcription provided by the Speech Accent Archive. It was 
important to find a balance between the number of female and male informants, as well as a 
balance between the informants who were speakers of the four different language varieties of 
Serbo-Croatian. The reason why the number of Bosnian, Croatian and Montenegrin speakers is 
less than that of Serbian speakers is simply because a) those were the only available informants 
for that language variety, or b) the audio did not include IPA transcription. The average age of 
selected informants is 33.2 years, ranging from 21 to 81 (second highest age was 47). The 
average age of initial exposure to English is 12.55 years, ranging from 6 to 37. On average, the 
participants have been living in an English speaking country for 5.13 years, ranging from 0 (they 
have not lived in an English speaking country) to 66 years; however, the second highest LoR is 
6.5 years, making Croatian 1F, whose LoR is 66 years, an outlier. In addition, Croatian 1F was 
81 years old at the time this recording was submitted, which was considerably higher than the 
rest of the speakers. The noticeable range between age, English onset and LoR shows participant 
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heterogeneity, which is important for this study as it makes it possible to examine the phonetic 
phenomenon in question over a diverse group of speakers. 
Additionally, five native English speakers were selected as a control group (Table 2.2). 
This was done for the following reasons: a) the measurements of the five native speakers can 
give insights about those of non-native English speakers, and b) their measurements can help 
determine whether coda devoicing is characteristic only of non-native speakers. While selection 
was random, I took into account geographical, and therefore, linguistic (dialectal) diversity. The 
five informants come from the states of New York, Massachusetts, Virginia, California, and 
Minnesota. 
 
Table 2.2 
 
Demographic data of selected native English participants 
 
Speaker Gender Age State 
English 6 Female 46 New York 
English 21 Female 37 Massachusetts 
English 60 Male 18 Virginia 
English 123 Female 28 California 
English 143 Male 42 Minnesota 
 
 
Download procedure 
 
Once the participants were selected, their sound samples were individually downloaded 
from the Speech Accent Archive. This was done on an ASUS S56CA-WH31 laptop computer, 
using the Mozilla Firefox browser. The files were saved directly from the website as .mp3 files. 
Once each participant’s sound file was downloaded, the file extension was converted to .wav 
format in order to be readable by Praat. The conversion of the file was done by using the 
Wavepad Master’s Edition program. 
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The next step was to prepare each file for analysis. All subsequent steps were done using 
Praat. After loading each individual speech sample into the program, the seven words, /θɪŋz/, 
/spunz/, /slæbz/, /kɪdz/, /θɪŋz/, /bægz/, and /wɛnzde/, had to be spliced and saved separately for 
future analysis. Once each speaker’s seven words were separately spliced, they were saved 
together as an individual audio file. This made organization of each speaker’s words easier to 
retrieve during the analysis. In total, 175 audio files were analyzed. 
Analysis procedure 
 
The seven English words were pronounced by five native English and 20 BCMS 
speakers, which amounted to 175 coda clusters. As all seven coda clusters contained two 
segments, the total number of tokens which was analyzed in this study was 350. Each individual 
coda segment was measured for CoG, pitch, duration, and percentage of voicing. Initially, CoG 
and duration were selected as supplementary acoustic cues which would aid in determining 
segmental devoicing. However, during the analysis, these measurements were not robust enough 
to be included in the discussion of the findings. Yet, CoG and duration are displayed in 
Appendix A. 
In order to discover whether coda segments were devoiced or not, I relied mostly on two 
acoustic correlates: the 40/60 Threshold and the Pitch Criterion. The 40/60 Threshold 
measurements are based on the information displayed in Praat’s Voice Report for each segment. 
The software shows the percentage of locally unvoiced frames. The 40/60 threshold allows a 
four-way classification of voicing, as explained below: 
1) Segments that contain 100% locally unvoiced frames are voiceless. 
 
2) Segments that contain 0% locally unvoiced frames are fully voiced. 
 
3) Segments that contain 60% or lower locally unvoiced frames are perceived as voiced. 
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4) Segments that contain 60% or more locally unvoiced frames are perceived as devoiced. 
The second correlate used to assess voicing is the Pitch Criterion. The default pitch range in 
Praat is 75 to 500 Hz. Segments whose pitch values are less than 75 Hz are devoiced, and their 
pitch is listed as “unidentified” in Praat. Detectable pitch indicates voicing. Finally, following the 
acoustic analyses, IPA transcriptions of the coda clusters are discussed and compared to the 
instrumental analysis. 
In the present study, the analysis and discussion of double coda devoicing in BCMS 
English are presented according to the place and manner of articulation of the first segment 
within the coda cluster. Therefore, the third chapter examines double codas including bilabial 
stops, while the fourth deals with alveolar stops. These are followed by the analysis of double 
codas containing a velar stop. The sixth chapter addresses alveolar and velar nasals. Finally, 
pedagogical implications are discussed. Spectrograms of the seven words containing the double 
coda produced by 25 speakers are included in Appendix B. 
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Chapter III: Devoicing of Bilabial Stops 
 
The focus of this chapter is the devoicing of bilabial stops, or more precisely, the 
devoicing of the /bz/ coda in the word /slæbz/. The speech samples of a total number of 25 
participants were used in this study. Five of these speakers are the control group consisting of 5 
native English speakers. The remaining 20 informants in the experimental group are BCMS 
(Bosnian, Croatian, Montenegrin, and Serbian) speakers of English. This chapter analyzes 25 
coda clusters, which produced 50 tokens (25 occurrences of /b/, and 25 occurrences of /z/). The 
first portion of this chapter consists of the analysis of native English speakers’ acoustic 
measurements. The second focuses on the acoustic characteristics of the segments produced by 
non-native speakers. Both sections of the chapter address the two acoustic correlates: the 40/60 
Threshold, and the Pitch Criterion. In addition, the acoustic phonetic findings are compared with 
the IPA transcriptions provided by the GMU’s Speech Accent Archive. Finally, Relative 
Functional Load (RFL) and minimal pair analysis are used to gauge whether or not double coda 
devoicing interferes with the intelligibility of BCMS English. 
Native English Speakers’ Pronunciation of /bz/: Focus on the 40/60 Threshold 
 
According to Gradoville (2011, p. 68), if the voicing of a segment is 40% or higher, the 
segment is considered voiced. In this analysis, a segment which is 0% voiced is considered 
entirely voiceless, whereas a segment that is voiced below 40% is considered devoiced. Any 
double coda with a combination of voiceless and devoiced, voiceless and voiceless, and devoiced 
and devoiced consonants is considered to have undergone double coda devoicing. Smith (1997, 
pp. 478, 481) argues that voicing and devoicing form a continuum. However, I will use the 40/60 
Threshold as one of the deciding factors for classifying a segment as voiced, devoiced, or 
voiceless as shown in Table 3.1. 
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Table 3.1 
 
Native English speakers’ /bz/ voicing according to the 40/60 Threshold 
 
 
Measurement % of Voicing Voicing Classification 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ 
New York 6F 42.8 0 Voiced Voiceless 
Massachusetts 21F 100 33.4 Voiced Devoiced 
Virginia 60M 100 20 Voiced Devoiced 
California 123F 25 0 Devoiced Voiceless 
Minnesota 143M 100 0 Voiced Voiceless 
Devoicing Total N/A N/A 1 5 
Voicing Total N/A N/A 4 0 
 
 
Four of the five native English speakers, that is, 80%, voiced /b/; in three instances the 
segment was voiced 100%. However, California 123F devoiced it. Usually, whenever the first 
segment in the coda is not fully voiced, there is no voicing to go into the second segment, as seen 
in Figure 3.1 representing the pronunciation of <slabs> by California 123F. 
 
 
 
Figure 3.1. <slabs> produced by California 123F 
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All five native speakers devoiced /z/. New York 6F, California 123F, and Minnesota 
143M produced /z/ as [s], that is, without any voicing at all. Two participants, Massachusetts 21F 
and Virginia 60M, produced it as [z̥ ] with 33.4% and 20% of voicing, respectively. One native 
speaker (20%) devoiced the /bz/ coda cluster. Finally, only one native English speaker devoiced 
the entire /bz/ coda in the word <slabs>, which accounts for 20% of the data. 
California 123F, whose spectrogram can be seen in Figure 3.1, devoiced /b/ in /bz/ (75% 
voiceless), and produced /z/ as an entirely voiceless segment. As previously mentioned, partial 
voicing of the first segment leads to the devoicing of the second. On the other hand, full voicing 
of the first segment usually suggests that voicing will carry on into the next segment, as seen by 
the measurements of Massachusetts 21F and Virginia 60M who voiced /b/ 100%, but devoiced 
/z/ 33.4% and 20%, respectively. In these two cases, the percentage of voicing that carried over 
into the second segment was not strong enough to voice it entirely. Notably, a case of full 
voicing of the first segment and no voicing of the second segment of the coda was observed in 
Minnesota 143M, as shown in Figure 3.2. 
26 
 
 
 
 
 
Figure 3.2. <slabs> produced by Minnesota 143M 
 
 
Native English Speakers’ Pronunciation of /bz/: Focus on the Pitch Criterion 
 
Pitch is another cue which can help determine whether native English speakers devoice 
the double coda in /slæbz/. Table 3.2 shows the native speakers’ voicing classification of the /bz/ 
coda according to the Pitch Criterion. Usually the horizontal blue line in the spectrogram 
indicates the presence of pitch. Conversely, its absence is indicative of lack of voicing. As 
mentioned on page 22, the default settings in Praat range from 75 to 500 Hz. Pitch values below 
75 Hz appear as “unidentified”. In other words, if the pitch value is “unidentified,” it means that 
the segment under consideration is either voiceless or devoiced. Because it is difficult to 
determine the level of devoicing based on pitch, the segments which carried no pitch were 
labeled as devoiced. 
The Pitch Criterion reveals that four out of five (80%) of the native English speakers 
voiced /b/. California 123F was the only speaker whose pitch for /b/ was not detectable. Only 
one participant, Massachusetts 21F, voiced /z/, while the remaining four speakers devoiced it 
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(80% of the cases). California 123F was the only speaker who devoiced both segments in the /bz/ 
coda, accounting for 20% of native /bz/ tokens. 
 
Table 3.2 
 
Native English speakers’ /bz/ voicing according to the Pitch Criterion 
 
n 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impressionistic Transcription versus Acoustic Measurements: Native Speakers’ /bz/ 
 
In this section, I will compare the acoustic phonetic data with the impressionistic 
transcriptions of native speakers’ pronunciations of the /bz/ cluster made by GMU phoneticians. 
The website indicates that “the transcriptions are done by 2 to 4 English speaking judges who are 
phonetically educated” (Weinberger, 2015). Table 3.5 displays the IPA transcriptions of L1 
participants’ /bz/ as found at the Speech Accent Archive website. 
Measurement Pitch Measurements (Hz)   
Word /slæbz/    
Segment /b/ /z/ /b/ /z/ 
New York 6F 177 Unidentified Voiced Devoiced 
Massachusetts 21F 183 181 Voiced Voiced 
Virginia 60M 153 Unidentified Voiced Devoiced 
California 123F Unidentified Unidentified Devoiced Devoiced 
Minnesota 143M 119 Unidentified Voiced Devoiced 
Devoicing Total N/A N/A 1 4  
Voicing Total N/A N/A 4 1  
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Table 3.3 
 
IPA transcription of native English speakers’ /bz/ 
 
IPA Transcription 
Segment /b/ /z/ 
New York 6F [b] [z] 
Massachusetts 21F [b] [z] 
Virginia 60M [b̥ ] [z] 
California 123F [b] [z] 
Minnesota 143M [b] [z] 
Devoicing Total 1 0 
Voicing Total 4 5 
 
 
According to the impressionistic transcription, four native speakers, except for Virginia 
60M, voiced /b/, while all five voiced /z/. However, this transcription is not supported by the 
acoustic data, as displayed in Figures 3.1 and 3.2, which were discussed previously. As a matter 
of fact, the 40/60 Threshold revealed that none of the native speakers voiced /z/, while the Pitch 
Criterion shows that voicing of /z/ occurred merely once. 
In Table 3.4, the voicing classification according to the two acoustic correlates and the 
IPA transcription is presented. The impressionistic and instrumental analyses are in absolute 
agreement with regard to devoicing of /b/, as all three found that only one speaker devoiced it, 
while the remaining four voiced it. However, the acoustic criteria and the impressionistic 
transcription do not agree with regard to the speaker who devoiced /b/, as the acoustic 
measurements suggest that it was California 123F. The GMU transcriptionists propose that it was 
Virginia 60M, who is also the only participant who devoiced the double coda as reported by the 
IPA transcription. 
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Table 3.4 
 
Native English speakers’ voicing and devoicing percentage of /dz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
 
scription 
 
 
 
 
 
 
Overall, the acoustic data does support the impressionistic transcription found at the 
GMU website, particularly with regard to /b/. According to Smith (1997, p. 423) fricative 
devoicing is very common in American English. In her study of four speakers of American 
English, she found that /z/ was more likely to be devoiced at the end of a sentence or a word than 
it is to be devoiced medially (p. 423). In his study on Apparent-Time Construct and stable 
variation with regard to final /z/ devoicing in Western Indiana, José (2010) confirms that 
devoicing does, in fact, happen in the speech of native English speakers, especially if those 
 
speakers are from “areas with particularly strong German or other Germanic settlement histories” 
(p. 38). Verhoeven, Hirson, & Basavaraj (2011) have also reported that “1 in 2 voiced fricatives 
(51.65%) were found to be devoiced” (p. 2072) in their study of fricative devoicing in Southern 
British English. The failure of the GMU phoneticians to perceive devoicing of /z/ in American 
English speakers’ production of /bz/ casts some doubts on the accuracy of their transcription. 
BCMS English Speakers’ Pronunciation of /bz/: Focus on the 40/60 Threshold 
 
In the previous section, double coda devoicing by five native speakers in the control 
group was discussed. We now turn our attention to the BCMS speakers of English. Table 3.5 
displays the non-native talkers’ various pronunciations of the /bz/ cluster as measured according 
to the 40/60 Threshold. 
Word /slæbz/      
Correlate 40/60 Threshold     
Segment /b/ /z/ /b/ /z/ /b/  /z/ 
Devoicing 1 5 1 4 1  0 
Voicing 4 0 4 1 4  5 
 
30 
 
 
 
Table 3.5 
 
BCMS English speakers’ /bz/ voicing according to the 40/60 Threshold 
 
Measurement % of Voicing Voicing Classification 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ 
Bosnian 1F 0 0 Voiceless Voiceless 
Bosnian 13F 0 0 Voiceless Voiceless 
Bosnian 15F 57.2 5 Voiced Devoiced 
Croatian 1F 100 64.3 Voiced Voiced 
Croatian 2F 75 0 Voiced Voiceless 
Croatian 4M 85.8 13.4 Voiced Devoiced 
Croatian 5F 71.5 0 Voiced Voiceless 
Croatian 7F 100 100 Voiced Voiced 
Montenegrin 14F 57.2 0 Voiced Voiceless 
Serbian 2M 100 0 Voiced Voiceless 
Serbian 3M 0 0 Voiceless Voiceless 
Serbian 5M 80 0 Voiced Voiceless 
Serbian 6M 83.4 0 Voiced Voiceless 
Serbian 7F 87.5 0 Voiced Voiceless 
Serbian 8M 100 14.3 Voiced Devoiced 
Serbian 9F 100 20 Voiced Devoiced 
Serbian 10M 100 100 Voiced Voiced 
Serbian 12F 50 0 Voiced Voiceless 
Serbian 16M 40 0 Voiced Voiceless 
Serbian 17F 75 50 Voiced Voiced 
Devoicing Total N/A N/A 3 16 
Voicing Total N/A N/A 17 4 
 
 
Seventeen out of 20 (85%) L2 English speakers voiced /b/. Only three of them (Bosnian 
1F, Bosnian 13F, Serbian 3M) produced /b/ as [p]. Overall, /b/ was voiced more often than /z/, 
with the latter voiced in four and devoiced in 16 instances. Double coda devoicing occurred in 
three instances, which accounts for 15% of BCMS speakers’ /bz/ data. The spectrograph in 
Figure 3.3 shows complete devoicing of both /b/ and /z/ in the pronunciation of Bosnian 1F. 
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Figure 3.3. <slabs> produced by Bosnian 1F 
 
 
Generally, if the first of two segments in a coda cluster is voiced, one would expect the 
second one to be at least partially voiced. Similarly, if the first segment in the coda is only 
partially voiced, it can be assumed that the following segment will not be voiced at all. These 
logical possibilities apply in several instances, but they do not in others. For instance, Serbian 
8M, whose spectrogram is shown in Figure 3.4, voiced /b/ 100%, and /z/ 14.3%, while Croatian 
2M (Figure 3.5), voiced /b/ 75% and fully devoiced /z/. Another possibility is for both segments 
to be entirely voiceless, which is shown in Figure 3.3 above. 
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Figure 3.4. <slabs> produced by Serbian 8M 
 
 
 
 
Figure 3.5. <slabs> produced by Croatian 2M 
 
 
Finally, it is possible for both segments to be partially voiced. We see this in the 
spectrograph of Serbian 17F, in Figure 3.6, where /b/ is 75% voiced, and /z/ is 50% voiced. 
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Figure 3.6. <slabs> produced by Serbian 17F 
 
 
BCMS English Speakers’ Pronunciation of /bz/: Focus on the Pitch Criterion 
 
L2 pitch measurements, shown in Table 3.6, illustrate slightly different results from those 
obtained from the 40/60 Threshold. Pitch was unidentifiable in four cases of /b/, but the segment 
was voiced in 16 others. As for /z/, it was unidentified in 13 out of 20 occurrences. In other 
words, in the /bz/ cluster, /b/ was devoiced 20% of the time, while /z/ was devoiced 65% of the 
time. Four out of 20 speakers produced a devoiced double coda, which accounts for 20% of non- 
native speakers’ /bz/ clusters. 
 
Table 3.6 
 
BCMS English speakers’ /bz/ voicing according to the Pitch Criterion 
 
n Measurement Pitch Measurements (Hz)   
Word /slæbz/    
Segment /b/ /z/ /b/ /z/ 
Bosnian 1F Unidentified Unidentified Devoiced Devoiced 
Bosnian 13F Unidentified Unidentified Devoiced Devoiced 
Bosnian 15F 117 Unidentified Voiced Devoiced 
Croatian 1F 199 228 Voiced Voiced 
Croatian 2F 159 Unidentified Voiced Devoiced 
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(Table 3.6 continued) 
 
Croatian 4M 109 109 Voiced Voiced 
Croatian 5F 237 Unidentified Voiced Devoiced 
Croatian 7F 216 212 Voiced Voiced 
Montenegrin 14F 179 Unidentified Voiced Devoiced 
Serbian 2M 97 Unidentified Voiced Devoiced 
Serbian 3M Unidentified Unidentified Devoiced Devoiced 
Serbian 5M 101 Unidentified Voiced Devoiced 
Serbian 6M 123 Unidentified Voiced Devoiced 
Serbian 7F 190 Unidentified Voiced Devoiced 
Serbian 8M 124 125 Voiced Voiced 
Serbian 9F 189 188 Voiced Voiced 
Serbian 10M 174 174 Voiced Voiced 
Serbian 12F 213 Unidentified Voiced Devoiced 
Serbian 16M Unidentified Unidentified Devoiced Devoiced 
Serbian 17F 202 192 Voiced Voiced 
Devoicing Total N/A N/A 4 13 
Voicing Total N/A N/A 16 7 
 
 
Impressionistic Transcription versus Acoustic Measurements: Non-native Speakers’ /bz/ 
 
GMU’s IPA transcription of the /bz/ coda produced by BCMS speakers of English, 
presented in Table 3.7, is not fully in agreement with the acoustic findings discussed above. The 
impressionistic transcription indicates that /b/ was devoiced in 11 of 20 occurrences (55% of the 
time). Devoicing of /z/ happened 85% of the time (17 out of 20 participants devoiced it). Finally, 
double coda devoicing was reported in 11 clusters (55%). 
 
Table 3.7 
 
IPA transcription of BCMS English speakers’ /bz/ 
 
IPA Transcription 
Segment /b/ /z/ 
Bosnian 1F [p:] [s̩ ] 
Bosnian 13F [b] [z̥ ] 
Bosnian 15F [p] [s] 
Croatian 1F [b] [z] 
Croatian 2F [p] [s] 
Croatian 4M [b̥ ] [s] 
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(Table 3.7 continued) 
 
Croatian 5F [p] [s] 
Croatian 7F [b] [z̥ ] 
Montenegrin 14F [p] [s] 
Serbian 2M [b] [z̥ ] 
Serbian 3M [b] [z] 
Serbian 5M [p] [s] 
Serbian 6M [b̥ ] [s] 
Serbian 7F [b̥ ] [z̥ ] 
Serbian 8M [p] [s] 
Serbian 9F [b] [z] 
Serbian 10M [b] [z] 
Serbian 12F [p] [s] 
Serbian 16M [b] [s] 
Serbian 17F [b] [z̥ ] 
Devoicing Total 11 17 
Voicing Total 9 3 
 
 
The findings above are compared to those of the acoustic analyses in Table 3.8. 
 
According to the 40/60 Threshold, /b/ devoicing occurred in three out of 20 instances (15%). 
Furthermore, according to the Pitch Criterion, /b/ was devoiced four times out of 20 occurrences 
(20%). The acoustic measurements show clearly that /b/ was devoiced less often than is reported 
by the transcription data. In addition, measurements based on the 40/60 Threshold show that /z/ 
was devoiced 16 times (80%). This is virtually the same as reported by GMU transcriptionists. 
According to the Pitch Criterion, /z/ was devoiced 13 times (65%), as opposed to the 17 reported 
by GMU transcriptionists (85%). 
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Table 3.8 
 
BCMS English speakers’ voicing and devoicing percentage of /bz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
 
scription 
 
 
 
 
 
 
As previously discussed, GMU transcriptions were in perfect accordance with native 
speakers’ production of /b/, while they predicted more devoicing for BCMS English speakers. 
On the other hand, IPA transcriptions of /z/ matched non-native speakers’ more closely than 
native speakers’ acoustic measurements. 
Segmental Substitution Patterns: Focus on /bz/ coda 
 
The non-native speakers of English did not replace /b/ with any segment other than its 
voiceless or devoiced counterparts /p/ or /b̥ /. However, even though all /b/ productions were 
measurable, it was apparent that release bursts in some speakers’ spectrograms were either very 
weak or undetectable due to other reasons. As a result of the measurability of the segments, these 
consonant instances were still labeled as [b], [b̥ ], or [p], according to the amount of voicing. 
Henderson & Repp (1982) conducted a study in which they sought to determine whether a stop 
consonant is released when followed by another stop consonant. They proposed a more detailed 
definition of a “released” plosive, and their definition of “silently released” and “weakly 
released” is of importance to this study. Specifically, a silently released plosive has “no release 
burst in the acoustic record” and a weakly released stop has a “release burst detectable by ear, 
but [is] clearly [weaker than a strongly released stop, which has a] release burst followed by 
substantial aspiration or voicing” (p. 80). This indicates that /b/, /b̥ /, or /p/ were silently or 
Word /slæbz/      
Correlate 40/60 Threshold     
Segment /b/ /z/ /b/ /z/ /b/  /z/ 
Devoicing 3 16 4 13 11  17 
Voicing 17 4 16 7 9  3 
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weakly released. On no occasion did the IPA transcription indicate that there was any sort of 
segment deletion within the coda, and there were no cases in which the segments were 
impossible to detect in the recordings. 
The contrast between a silently or weakly released plosive and a strongly released plosive 
can be best seen in the case of Bosnian 15F and Croatian 7F, as shown in Figure 3.7. The area 
within the green rectangle highlights the stops produced by these two speakers. Bosnian 15F’s 
release burst, shown in the top image, is clear and sharp, whereas in the bottom image, Croatian 
7F produced a plosive in which a release burst could not be detected. Weak release bursts are not 
a non-native tendency; on the contrary, native speakers’ release bursts appeared to be equally 
ambiguous in this study. 
 
 
 
Figure 3.7. Bosnian 15F (top): clear release burst, and Croatian 7F (bottom): no release burst 
 
 
Impact on Intelligibility: Focus on /bz/ coda 
 
Even though the voicing harmony did not frequently transfer into the English of BCMS 
speakers, in the cases in which it did, it is important to point out what kind of intelligibility issues 
could be caused. The Relative Functional Load (RFL) of /z/ and /s/ is 38%, which causes low 
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unintelligibility. As for /b/ and /p/, this pair seems to cause even less unintelligibility, because 
their RFL is merely 14% (slight unintelligibility). It appears that according to this data, the 
negative transfer of the coda voicing harmony does not interfere with intelligibility in the case of 
/bz/. However, issues related to lexical competition may arise. If the voicing harmony is 
transferred into English, lexical competition is created between words such as <slabs> /slæbz/ vs. 
<slaps> /slæps/, <cobs> /kɑbz/ vs. <cops> /kɑps/, <cubs> /kʌbz/ vs. <cups> /kʌps/, for 
example4. Word recognition can be delayed by lexical competition as hearers/listeners try to 
summon discourse or syntactic context in order to determine which word the talker uttered. 
Additionally, this cognitive effort may distract the listener from processing the remainder of the 
utterances (Koffi, 2016, p. 307). Therefore, even though the listener, given the necessary 
syntactic context, will most probably detect the right utterance, the delay might affect the rest of 
the conversation. 
Summary 
 
Several important observations can be made on the basis of impressionistic and 
instrumental data with regard to the /bz/ cluster. First, acoustically, double coda devoicing does 
not happen as much as has been reported in the literature. BCMS speakers’ double coda in 
<slabs> was devoiced 15% according to the 40/60 Threshold and 20% according to the Pitch 
Criterion. In terms of percentage, this pronunciation is similar to that of native speakers of 
American English. Both acoustic correlates show that native speakers devoiced the /bz/ coda 
20% of the time, as shown in Tables 3.1 and 3.2. Despite this, IPA transcription suggests that 
BCMS speakers of English devoiced the double coda 55% of the time, while no coda devoicing 
was reported in native speakers’ samples. In this particular environment, the segment /z/ appears 
 
 
 
4 Minimal pairs obtained from http://www.minpairs.talktalk.net/pinbin.html 
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to be much more prone to devoicing than /b/; in fact, neither native or non-native speakers of 
English seem to commonly compensate /b/ for a devoiced or voiceless bilabial plosive. Finally, 
even in cases in which the voicing harmony of BCMS is transferred into English, that is, if a 
word such as <slabs> is pronounced as <slaps>, the RFL is not high enough to affect 
intelligibility. However, lexical competition between minimal pairs of /b/ and /p/ may pose a 
problem. 
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Chapter IV: Devoicing of Alveolar Stops 
 
The focus of this chapter is devoicing of alveolar stops, as well as alveolar fricatives 
preceded by alveolar stops. Specifically, this chapter will deal with the /dz/ coda in the word 
/kɪdz/, produced by five native and 20 BCMS (Bosnian, Croatian, Montenegrin, and Serbian) 
speakers of English. Because the overall number of participants is 25, there are 25 coda clusters, 
for a total of 50 tokens, which are further separated into two groups: 25 productions of /d/, and 
25 productions of /z/. The first section of this chapter contains the analysis of five native English 
speakers’ coda clusters, followed by the section on 20 non-native English speakers’ coda 
clusters. Both portions consist of the analysis of the two acoustic correlates: the 40/60 Threshold 
and the Pitch Criterion. Furthermore, these acoustic correlates are compared to GMU’s IPA 
transcriptions of the word /kɪdz/ as produced by the 25 informants. The BCMS portion is 
followed by a discussion on segmental substitution or simplification patterns with regard to L2 
speakers’ /dz/ coda. Lastly, Relative Functional Load and minimal pairs are used to determine 
whether devoicing of the /dz/ coda in the case of BCMS English affects intelligibility. 
Native English Speakers’ Pronunciation of /dz/: Focus on the 40/60 Threshold 
 
Voicing classification according to the 40/60 Threshold, which is presented in Table 4.1, 
reveals that native speakers are slightly prone to devoicing /d/ in the /dz/ coda. When three 
informants voiced the segment, voicing was not absolute. The remaining two speakers, who 
make up 40% of the data, devoiced /d/ anywhere from 30% to 33.4%. All five speakers fully 
devoiced /z/. Double coda devoicing was recorded in 40% of the informants’ /dz/ coda clusters 
(2 out of 5 participants). 
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Table 4.1 
 
Native English speakers’ /dz/ voicing according to the 40/60 Threshold 
 
Measurement % of Voicing Voicing Classification 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ 
New York 6F 66.7 0 Voiced Voiceless 
Massachusetts 21F 33.4 0 Devoiced Voiceless 
Virginia 60M 44.5 0 Voiced Voiceless 
California 123F 30 0 Devoiced Voiceless 
Minnesota 143M 50 0 Voiced Voiceless 
Devoicing Total N/A N/A 2 5 
Voicing Total N/A N/A 3 0 
 
 
Native English Speakers’ Pronunciation of /dz/: Focus on the Pitch Criterion 
 
Table 4.2 contains /dz/ pitch measurements of L1 speakers, as well as voicing determined 
on the basis of the presence or absence of pitch. The Pitch Criterion reveals that only 20%, or 
one native speaker, devoiced /d/ in /kɪdz/. In addition, voicing of /z/ was not recorded in any 
tokens. Finally, only one /dz/ double coda was devoiced, which is 20% of double codas produced 
by native English speakers. 
 
Table 4.2 
 
Native English speakers’ /dz/ voicing according to the Pitch Criterion 
 
Measurement Pitch (Hz) Voicing Classification 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ 
New York 6F 152 N/A Voiced Devoiced 
Massachusetts 21F 131 N/A Voiced Devoiced 
Virginia 60M 176 N/A Voiced Devoiced 
California 123F N/A N/A Devoiced Devoiced 
Minnesota 143M 75 N/A Voiced Devoiced 
Devoicing Total N/A N/A 1 5 
Voicing Total N/A N/A 4 0 
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In the English speakers’ /dz/ coda measurements, the discrepancy between pitch as a 
correlate of voicing and the 40/60 Threshold is slight with regard to the first segment of the coda 
cluster. Pitch is commonly detectable in segments whose voicing ranges between ≥1% and ≤40% 
according to Voice Report. However, even though the vocal folds are vibrating for a fraction of a 
second, the amount of voicing is not enough for the segment to be perceived as voiced, according 
to the 40/60 Threshold. 
Impressionistic Transcription versus Acoustic Measurements: Native Speakers’ /dz/ 
 
Impressionistic transcriptions of native speakers’ production of the /dz/ coda, obtained 
from the GMU Speech Accent Archive, indicate that devoicing of the segments /d/ and /z/ is 
fairly infrequent (Table 4.3). Only one speaker devoiced /d/, which amounts to 20% of the native 
speakers’ data. As for /z/ occurrences, IPA transcription implies that /z/ was devoiced 40% of the 
time, by 2 out of 5 speakers. 
 
Table 4.3 
 
IPA transcription of native English speakers’ /dz/ 
 
 IPA Transcription  
Word /kɪdz/  
Segment /d/ /z/ 
New York 6F [d] [z̥ ] 
Massachusetts 21F [d] [z] 
Virginia 60M [d̥ ] [s] 
California 123F [d] [z] 
Minnesota 143M [d] [z] 
Devoicing Total 1 2 
Voicing Total 4 3 
 
 
Pitch and IPA transcriptions are in agreement with regard to devoicing of /d/ (20%), 
whereas the 40/60 Threshold reveals that the percentage of /d/ devoicing was higher (40%). A 
larger discrepancy is observed in voicing percentages of /z/. According to the 40/60 Threshold as 
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well as the Pitch Criterion, all speakers devoiced /z/. The IPA transcriptions indicate that only 
two speakers devoiced /z/ (40%). In other words, the 40/60 Threshold and the Pitch Criterion 
align perfectly with regard to /d/, but not with regard to /z/. In the former, IPA transcription finds 
more devoicing, while in the latter it finds less. Though the impressionistic transcription does not 
align perfectly with either of the two acoustic criteria, it tends to agree more with the Pitch 
Criterion than with the 40/60 Threshold when it comes to the phonetic status of /d/. In both 
instances (Pitch Criterion and IPA transcription), it is shown that /d/ was voiced in four out of 
five instances, while the 40/60 Threshold shows that it was voiced in three instances (Table 4.4). 
 
Table 4.4 
 
Native English speakers’ voicing and devoicing percentage of /dz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
 
scription 
 
 
 
 
 
 
GMU transcribers’ perception of some speakers’ segments does not coincide with the 
instrumental analysis. For instance, both the 40/60 Threshold and the Pitch Criterion indicate that 
Virginia 60M produced a voiced alveolar stop /d/ in the coda; however, this was perceived by 
IPA transcribers as the only /d/ occurrence which was devoiced by the control group of this 
study. The transcribers also perceived the /d/ segment of California 123F as voiced, even though 
the acoustic analysis shows that this segment was devoiced. According to the IPA transcription, 
both Massachusetts 21F and Minnesota 143M voiced /z/ in the /dz/ coda; however, both the 
Voice Report and the Pitch Criterion suggest that these tokens were devoiced, implying that one 
Word /kɪdz/      
Correlate 40/60 Threshold     
Segment /d/ /z/ /d/ /z/ /d/  /z/ 
Devoicing 2 5 1 5 1  2 
Voicing 3 0 4 0 4  3 
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cannot rely solely on IPA transcription as it is highly impressionistic. It is also worth noting that 
both the 40/60 Threshold and the Pitch Criterion are in perfect agreement regarding /z/ 
devoicing. 
BCMS English Speakers’ Pronunciation of /dz/: Focus on the 40/60 Threshold 
 
The 40/60 Threshold analysis indicates that two speakers in the control group devoiced 
the whole /dz/ coda cluster. The devoicing of /z/ was more frequent than /d/ devoicing. A similar 
pattern can be observed in the case of BCMS speakers of English, whose percentage of voicing 
and voicing classification are presented in Table 4.5. Nine speakers out of a total of 20 devoiced 
/d/; that is, devoicing occurred 45% of the time. All tokens of /z/ were devoiced. Finally, nine out 
of 20 participants (45%) devoiced the double coda. 
 
Table 4.5 
 
BCMS English speakers’ /dz/ voicing according to the 40/60 Threshold 
 
Measurement % of Voicing Voicing Classification 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ 
Bosnian 1F 22.3 0 Devoiced Voiceless 
Bosnian 13F 100 16.7 Voiced Devoiced 
Bosnian 15F 0 0 Voiceless Voiceless 
Croatian 1F 66.7 0 Voiced Voiceless 
Croatian 2F 0 0 Voiceless Voiceless 
Croatian 4M 50 0 Voiced Voiceless 
Croatian 5F 0 0 Voiceless Voiceless 
Croatian 7F 100 10 Voiced Devoiced 
Montenegrin 14F 0 0 Voiceless Voiceless 
Serbian 2M 87.5 0 Voiced Voiceless 
Serbian 3M 50 0 Voiced Voiceless 
Serbian 5M 100 0 Voiced Voiceless 
Serbian 6M 83.4 0 Voiced Voiceless 
Serbian 7F 0 0 Voiceless Voiceless 
Serbian 8M 100 0 Voiced Voiceless 
Serbian 9F 75 0 Voiced Voiceless 
Serbian 10M 100 30.5 Voiced Devoiced 
Serbian 12F 0 0 Voiceless Voiceless 
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(Table 4.5 continued) 
 
Serbian 16M 0 0 Voiceless Voiceless 
Serbian 17F 0 0 Voiceless Voiceless 
Devoicing Total N/A N/A 9 20 
Voicing Total N/A N/A 11 0 
 
 
Only one of nice speakers who devoiced /d/ had voicing detectable within the said 
segment. The other eight informants produced an alveolar stop which contained 0% voicing. 
Absolute devoicing of /z/ was even more common, as only 3 speakers’ productions of /z/ 
contained voicing. The remaining 17 participants produced /z/ with no voicing. 
A clear example of absolute devoicing is evident in the spectrograph of Croatian 5F in 
Figure 4.1. The speakers’ Voice Report detected 0% voicing in both /d/ and /z/, and no pitch was 
detectable in either of these segments. 
 
 
 
 
Figure 4.1. <kids> produced by Croatian 5F 
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BCMS English Speakers’ Pronunciation of /dz/: Focus on the Pitch Criterion 
 
Pitch measurements (Table 4.7) provide a slightly different voicing classification of the 
non-native speakers’ /dz/ coda. Namely, pitch was detected in 12 productions of /d/, which 
suggests that 60% of the /d/ tokens produced by L2 speakers were voiced. In other words, eight 
speakers devoiced it. As for /z/, the Pitch Criterion reveals that 16 speakers devoiced it. Finally, 
the double coda /dz/ was devoiced by 35% of participants as opposed to 20% of native speakers. 
 
Table 4.6 
 
BCMS English speakers’ /dz/ voicing according to the Pitch Criterion 
 
Measurement Pitch (Hz) Voicing Classification 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ 
Bosnian 1F 217 Undefined Voiced Devoiced 
Bosnian 13F 194 163 Voiced Voiced 
Bosnian 15F Undefined Undefined Devoiced Devoiced 
Croatian 1F 168 Undefined Voiced Devoiced 
Croatian 2F Undefined Undefined Devoiced Devoiced 
Croatian 4M 96 Undefined Voiced Devoiced 
Croatian 5F Undefined Undefined Devoiced Devoiced 
Croatian 7F 186 Undefined Voiced Devoiced 
Montenegrin 14F Undefined Undefined Devoiced Devoiced 
Serbian 2M 92 Undefined Voiced Devoiced 
Serbian 3M 79 Undefined Voiced Devoiced 
Serbian 5M 113 111 Voiced Voiced 
Serbian 6M 98 Undefined Voiced Devoiced 
Serbian 7F Undefined Undefined Devoiced Devoiced 
Serbian 8M 85 87 Voiced Voiced 
Serbian 9F 117 Undefined Voiced Devoiced 
Serbian 10M 154 151 Voiced Voiced 
Serbian 12F Undefined Undefined Devoiced Devoiced 
Serbian 16M Undefined Undefined Devoiced Devoiced 
Serbian 17F Undefined Undefined Devoiced Devoiced 
Devoicing Total N/A N/A 8 16 
Total voiced N/A N/A 12 4 
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A clear case of the presence of pitch is observable in Serbian 10M (Figure 4.2), who 
voiced /z/, but not enough to be considered voiced by the 40/60 Threshold. 
 
 
 
Figure 4.2. <kids> produced by Serbian 10M 
 
 
Impressionistic Transcription versus Acoustic Measurements: Non-native Speakers’ /dz/ 
 
Both the 40/60 Threshold and pitch measurements suggest that BCMS speakers of 
English devoiced the double coda /dz/; however, the frequency of devoicing is much higher 
according to phonetic transcription. The impressionistic transcription implies that a total of 18 
speakers (90%) devoiced the double coda (Table 4.7), which is much higher than measurements 
according to either the 40/60 Threshold or the Pitch Criterion, which are 45% and only 35%, 
respectively. In addition, native English speakers devoiced the double coda 60% of the time 
according to the 40/60 Threshold, and 20% according to the Pitch Criterion and IPA 
transcription. This demonstrates hearers’ expectancy for native and native-sounding speakers to 
voice the double coda. 
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Table 4.7 
 
IPA transcription of BCMS English speakers’ /dz/ 
 
IPA Transcription 
Word /kɪdz/  
Segment /d/ /z/ 
Bosnian 1F [t] [s] 
Bosnian 13F [t] [s] 
Bosnian 15F [t] [s] 
Croatian 1F [d̥ ] [s] 
Croatian 2F [t] [s] 
Croatian 4M [t] [s] 
Croatian 5F [d̥ ] [s] 
Croatian 7F [t] [s] 
Montenegrin 14F [d] [z̥ ] 
Serbian 2M [t] [s] 
Serbian 3M [d] [z] 
Serbian 5M [t] [s] 
Serbian 6M [t] [s] 
Serbian 7F [t] [s] 
Serbian 8M [t] [s] 
Serbian 9F [t] [s] 
Serbian 10M [t] [s] 
Serbian 12F [t] [s] 
Serbian 16M [d̥ ] [s] 
Serbian 17F [d̥ ] [s] 
Devoicing Total 18 19 
Voicing Total 2 1 
 
 
In Table 4.8, the instrumental findings discussed above are compared to IPA 
transcriptions of the two segments within the /dz/ coda. As seen in the table, /d/ was transcribed 
as devoiced or voiceless in 18 cases, which the instrumental analyses prove not to be correct. 
IPA transcription was almost entirely in agreement with the 40/60 Threshold with regard to /z/ 
devoicing, as it shows that 95% of speakers devoiced /z/, as opposed to 100% devoicing reported 
by the 40/60 Threshold. 
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Table 4.8 
 
Non-Native English speakers’ voicing and devoicing percentage of /dz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
 
scription 
 
 
 
 
 
 
Phonetic transcription is more in accordance with the acoustic measurements with regard 
to /z/ tokens than with regard to /d/. Both groups of speakers have a tendency to devoice the final 
/z/ in the coda cluster. However, the IPA transcription suggests that native speakers of English 
are more likely to voice it than non-native speakers. 
Segmental Substitution Patterns: Focus on /dz/ coda 
 
In 45% and 35% of the time, according to the 40/60 Threshold and the Pitch Criterion, 
respectively, the L2 talkers in the study devoiced both segments in the /dz/ coda. When this 
happens, the /dz/ cluster sounds like a /ts/ cluster. Such is the case of Serbian 16M, who 
substituted the /dz/ coda with [ts], as shown in Figure 4.3. 
Word /kɪdz/      
Correlate 40/60 Threshold     
Segment /d/ /z/ /d/ /z/ /d/  /z/ 
Devoicing 9 20 7 16 18  19 
Voicing 11 0 13 4 2  1 
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Figure 4.3. <kids> produced by Serbian 16M 
 
 
Apart from this common substitution method, substitution of /d/ with the glottal stop [ʔ] 
was detected in two BCMS English speakers’ spectrogram. Glottal stops are identified by their 
irregularly spaced pulses in the spectrogram (Eddington & Savage, 2012, p. 339; Levon, 2006, p. 
187). Bosnian 1F (Figure 4.4) was one of the informants who substituted /d/ for [ʔ] in the word 
<kids>. 
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Figure 4.4. <kids> produced by Bosnian 1F 
 
 
Similar to the /b/ tokens discussed in the previous chapter, [d] and [t] utterances varied 
in release burst strength as well. As Henderson and Repp (1982, p. 80) propose, stops can be 
released either strongly, weakly, or silently. This pronunciation pattern is best illustrated in 
Figure 4.5, where three pronunciations are juxtaposed. The top image shows the spectrogram of 
Serbian 17F, who produced a silently released [t], a stop which contains no release burst. Next, 
the spectrogram shown in the middle image is Serbian 6M’s production of the word <kids>, 
where [d] is weakly released, as the faint vertical line within the green rectangle indicates. 
Finally, an example of a clearly released [t] is shown in the spectrogram of Serbian 16M, in the 
bottom image. 
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Figure 4.5. Serbian 17F (top): silently released [t]; Serbian 6M (middle): weakly released [d]; 
Serbian 16M (bottom): strongly released [t] 
 
Impact on Intelligibility: Focus on /dz/ coda 
 
If speakers produce /dz/ as [ts], intelligibility issues can arise. If /d/ is replaced by [t], 
intelligibility is more compromised than if /z/ is produced as [s]. The reason is that according to 
Catford (1987, pp, 99-100), the Relative Functional Load (RFL) of /d/ and /t/ is 72%. It means 
that 72% of the time, the substitution of one for the other can cause unintelligibility. RFL of /z/ 
and /s/ is fairly low, which means that producing /z/ as [s] in the coda does not impair 
intelligibility as much. However, when both segments are devoiced, the risk of unintelligibility is 
greater. In other words, when <kids> is pronounced as <kits>, the hearer may misperceive what 
is intended. 
In addition, the issue of lexical competition may arise in the case of devoicing of /dz/. 
 
Lexical competition can be created between words such as <kids> /kɪdz/ vs. <kits> /kɪts/, 
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<beads> /bidz/ vs. <beats> /bits/, or <beds> /bɛdz/ vs. <bets> /bɛts/ (Higgins, 2016). It is, 
therefore, very possible that if BCMS speakers transfer the voicing harmony rule of their 
language into English, this can lead to unintelligibility. 
Summary 
 
In this chapter, devoicing of the /dz/ coda in the word /kɪdz/ was discussed. The two 
groups of English speakers performed similarly according to the 40/60 Threshold and the Pitch 
Criterion. The 40/60 Threshold revealed that 40% of native and 45% non-native speakers 
devoiced the double coda. Pitch measurements showed that 35% of BCMS participants and 20% 
of native English speaking participants devoiced /dz/. The difference in the size of the control 
and the experimental group may be great; however, these percentages indicate that, acoustically, 
both native and non-native speakers have a tendency to devoice double codas. Impressionistic 
acoustic transcriptions found that BCMS speakers devoiced double codas more often than their 
native speaker counterparts. The discrepancy between the number of devoiced coda clusters 
produced by both groups may be explained by bias. GMU transcriptionists were more prone to 
not noticing the devoicing among native speakers because they assumed that they would produce 
such codas as expected. However, the acoustic measurements show otherwise. Varying levels of 
unintelligibility arise when the two segments that make the /dz/ cluster are devoiced to /ts/. This 
is mostly due to the fact that the RFL of /d/ and /t/ is high (72%). This brings about potential 
lexical competition because of the presence of numerous lexical minimal pairs of /t/ and /d/ in 
the coda. However, it should be noted that devoicing only /z/ by producing it as [s] in the coda 
hardly affects intelligibility because their RFL is only 38%. 
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Chapter V: Devoicing of Velar Stops 
 
This chapter focuses on the coda cluster /gz/ in the word /bægz/, which consists of a velar 
stop and an alveolar fricative. A total of 25 speakers produced this double coda, five of whom 
are the control group of native speakers of American English, and 20 of whom are Western 
South Slavic speakers of English. The analysis includes 25 double codas, which comprises 50 
tokens overall, as there are 25 /g/ and 25 /z/ occurrences. This chapter is divided into two main 
sections: the first deals with native speakers’ data, while the second consists of the analysis of 
BCMS English speakers’ acoustic and impressionistic data. In both sections the instrumental 
analyses are performed using two acoustic correlates: the 40/60 Threshold and the Pitch 
Criterion. The impressionistic portion of the analysis is based on the IPA transcription available 
at the Speech Accent Archive website. Analysis of BCMS speakers’ data is followed by the 
discussion of substitutional patterns and their overall impact on intelligibility. 
Native English Speakers’ Pronunciation of /gz/: Focus on the 40/60 Threshold 
 
Table 5.1 illustrates double coda devoicing according to the 40/60 Threshold in native 
speakers’ production of /gz/. Three out of the five participants fully voiced /g/, while 
Massachusetts 21F voiced it differently on the 40/60 scale (75%). New York 6F was the only 
informant who produced /g/ with 0% voicing. As noted in previous chapters, when /z/ occurs as 
the final constituent in the double coda, it tends to be devoiced both by native and non-native 
speakers. The /gz/ coda is no exception: four speakers devoiced /z/, while only one (20%) native 
speaker produced it as voiced. Because /g/ was voiced by only one speaker, there was one 
instance of double coda devoicing among the speakers in Table 5.1. 
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Table 5.1 
 
Native English speakers’ /gz/ voicing according to the 40/60 Threshold 
 
Measurement % of Voicing Voicing Classification 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ 
New York 6F 0 0 Voiceless Voiceless 
Massachusetts 21F 75 0 Voiced Voiceless 
Virginia 60M 100 16.7 Voiced Devoiced 
California 123F 100 57.2 Voiced Voiced 
Minnesota 143M 100 7.2 Voiced Devoiced 
Devoicing Total N/A N/A 1 4 
Voicing Total N/A N/A 4 1 
 
 
Native English Speakers’ Pronunciation of /gz/: Focus on the Pitch Criterion 
 
Pitch measurements of the native speakers’ /gz/ coda reveal that in only one of its 
occurrences was /g/ devoiced (Table 5.2), which means that there was no pitch detectable. 
Therefore, 80% of the speakers voiced /g/. The devoicing rate was slightly higher with regard to 
/z/. Three speakers (60%) voiced it, while two speakers (40%) devoiced it. Finally, New York 6F 
devoiced both /g/ and /z/, producing a devoiced double coda, which amounts to 20% of the data. 
 
Table 5.2 
 
Native English speakers’ /gz/ voicing according to the Pitch Criterion 
 
n Measurement Pitch Measurements   
Word /bægz/    
Segment /g/ /z/ /g/ /z/ 
New York 6F Unidentified Unidentified Devoiced Devoiced 
Massachusetts 21F 140 Unidentified Voiced Devoiced 
Virginia 60M 472 476 Voiced Voiced 
California 123F 440 483 Voiced Voiced 
Minnesota 143M 101 102 Voiced Voiced 
Devoicing Total N/A N/A 1 2  
Voicing Total N/A N/A 4 3  
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A common pattern, which is generally the cause of the discrepancy between the 40/60 
threshold and pitch voicing classification, was noted in the case of Minnesota 143M (Figure 5.1). 
In his production of /z/, pitch is detectable; however, the Voice Report data shows that the 
segment is only 7.2% voiced, which is not high enough for the segment to be deemed as voiced. 
Therefore, Minnesota 143M voiced /z/ according to the Pitch Criterion, but devoiced it according 
to the 40/60 Threshold. 
 
 
 
Figure 5.1. <bags> produced by Minnesota 143M 
 
 
Impressionistic Transcription versus Acoustic Measurements: Native Speakers’ /gz/ 
 
GMU linguists transcribed all native English speakers’ utterances of /gz/ as [gz] (Table 
5.3). In other words, impressionistic transcription shows that none of the native English speakers 
devoiced the double coda in /bægz/, notwithstanding the acoustic evidence. 
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Table 5.3 
 
IPA transcription of native English speakers’ /gz/ 
 
 IPA Transcription  
Word /bægz/  
Segment /g/ /z/ 
New York 6F [g] [z] 
Massachusetts 21F [g] [z] 
Virginia 60M [g] [z] 
California 123F [g] [z] 
Minnesota 143M [g] [z] 
Devoicing Total 0 0 
Voicing Total 5 5 
 
 
Table 5.4 summarizes the acoustic and impressionistic findings regarding the /gz/ coda 
devoicing. 
 
Table 5.4 
 
Native English speakers’ voicing and devoicing percentage of /gz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
 
scription 
 
 
 
 
 
 
In the case of /g/, there was an overwhelming agreement between the two acoustic 
correlates and the IPA transcriptions: the former report 80% voicing, and the latter 100% 
voicing. With regard to /z/, the IPA transcription was slightly less accurate, particularly when 
compared to the 40/60 Threshold data. GMU transcriptionists suggest that no occurrences of /z/ 
were devoiced; although New York 6F (Figure 5.2) and Massachusetts 21F (Figure 5.3) clearly 
produced fricatives which contain no pitch or voicing. 
Word /bægz/      
Correlate 40/60 Threshold     
Segment /g/ /z/ /g/ /z/ /g/  /z/ 
Devoicing 1 4 1 2 0  0 
Voicing 4 1 4 3 5  5 
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Figure 5.2. <bags> produced by New York 6F 
 
 
 
 
Figure 5.3. <bags> produced by Massachusetts 21F 
 
 
BCMS English Speakers’ Pronunciation of /gz/: Focus on the 40/60 Threshold 
 
While the velar stop /g/ was not consistently devoiced by native speakers of English, 
Table 5.5 demonstrates a different pattern in the BCMS English speakers’ /gz/ data. Voicing 
classification obtained with Praat’s Voice Report assistance reveals that 13 out of 20 L2 English 
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speakers (65%) devoiced /g/ in /gz/, 12 of whom produced a fully voiceless velar stop [k]. The 
remaining seven participants produced a voiced velar stop, for the voicing percentage exceeding 
40%. 
 
Table 5.5 
 
BCMS English speakers’ /gz/ voicing according to the 40/60 Threshold 
 
Measurement % of Voicing Voicing Classification 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ 
Bosnian 1F 0 0 Voiceless Voiceless 
Bosnian 13F 33.4 0 Devoiced Voiceless 
Bosnian 15F 0 0 Voiceless Voiceless 
Croatian 1F 100 30 Voiced Devoiced 
Croatian 2F 0 16.7 Voiceless Devoiced 
Croatian 4M 100 0 Voiced Voiceless 
Croatian 5F 0 0 Voiceless Voiceless 
Croatian 7F 0 0 Voiceless Voiceless 
Montenegrin 14F 50 0 Voiced Voiceless 
Serbian 2M 0 0 Voiceless Voiceless 
Serbian 3M 0 28.6 Voiceless Devoiced 
Serbian 5M 100 13.4 Voiced Devoiced 
Serbian 6M 0 0 Voiceless Voiceless 
Serbian 7F 100 10 Voiced Devoiced 
Serbian 8M 0 0 Voiceless Voiceless 
Serbian 9F 0 0 Voiceless Voiceless 
Serbian 10M 100 18.8 Voiced Devoiced 
Serbian 12F 0 0 Voiceless Voiceless 
Serbian 16M 80 0 Voiced Voiceless 
Serbian 17F 0 0 Voiceless Voiceless 
Devoicing Total N/A N/A 13 20 
Voicing Total N/A N/A 7 0 
 
 
Devoicing of /z/ was far more frequent than devoicing of /g/ in the non-native /gz/ coda 
clusters. A hundred percent of BCMS /z/ utterances in the double coda /gz/ were devoiced. A 
total of 14 speakers substituted /z/ with [s], while the remaining six speakers produced a 
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devoiced fricative [z̥ ]. According to the 40/60 Threshold voicing classification, 13 BCMS 
speakers of English (65%) devoiced the double coda /gz/. 
It has been discussed previously that no detectable voicing in the first segment of the 
double coda generally indicates no voicing in the following segment. An exception to this was 
noted in the spectrogram of Serbian 3M (Figure 5.3), who produced a fully voiceless velar stop, 
and a devoiced alveolar fricative. To be precise, his /z/ was voiced 28.6%, not enough to be 
considered voiced by the 40/60 Threshold. The reason for this peculiarity is uncertain; however, 
it is probable that the voicing pulses indicated by vertical blue lines on the waveform do not 
necessarily account for the vibration of vocal folds. 
 
 
 
Figure 5.4. <bags> produced by Serbian 3M 
 
 
BCMS English Speakers’ Pronunciation of /gz/: Focus on the Pitch Criterion 
 
According to the pitch measurements in Table 5.6, /g/ was devoiced in 12 out of 20 
occurrences (60%), whereas /z/ was devoiced in 14 out of 20 occurrences (70%).  In other words, 
the speakers were slightly more prone to devoicing the fricative than the velar in the /gz/ cluster. 
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Double coda devoicing occurred 11 out of 20 times in BCMS speakers’ samples of <bags> 
(55%). 
Table 5.6 
 
BCMS English speakers’ /gz/ voicing according to the Pitch Criterion 
 
n Measurement Pitch Measurements (Hz)   
Word /bægz/    
Segment /g/ /z/ /g/ /z/ 
Bosnian 1F Unidentified Unidentified Devoiced Devoiced 
Bosnian 13F 102 Unidentified Voiced Devoiced 
Bosnian 15F Unidentified Unidentified Devoiced Devoiced 
Croatian 1F 214 211 Voiced Voiced 
Croatian 2F Unidentified Unidentified Devoiced Devoiced 
Croatian 4M 98 102 Voiced Voiced 
Croatian 5F Unidentified Unidentified Devoiced Devoiced 
Croatian 7F Unidentified Unidentified Devoiced Devoiced 
Montenegrin 14F 177 Unidentified Voiced Devoiced 
Serbian 2M Unidentified Unidentified Devoiced Devoiced 
Serbian 3M Unidentified 478 Devoiced Voiced 
Serbian 5M 138 138 Voiced Voiced 
Serbian 6M Unidentified Unidentified Devoiced Devoiced 
Serbian 7F 146 143 Voiced Voiced 
Serbian 8M Unidentified Unidentified Devoiced Devoiced 
Serbian 9F Unidentified Unidentified Devoiced Devoiced 
Serbian 10M 181 181 Voiced Voiced 
Serbian 12F Unidentified Unidentified Devoiced Devoiced 
Serbian 16M 295 Unidentified Voiced Devoiced 
Serbian 17F Unidentified Unidentified Devoiced Devoiced 
Devoicing Total N/A N/A 12 14 
Total voiced N/A N/A 9 6  
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Figure 5.5 illustrates a clear case of double coda devoicing. Both segments within the /gz/ 
coda contain no pitch as well as no voicing, according to the Voice Report. 
 
 
 
 
Figure 5.5. <bags> produced by Serbian 2M 
 
 
Impressionistic Transcription versus Acoustic Measurements: Non-native Speakers’ /gz/ 
 
The IPA transcription of the word <bags> suggests that non-native speakers are likely to 
devoice the /gz/ double coda, as shown in Table 5.7. When the segments /g/ and /z/ are taken 
separately, the following pattern emerges. According to the impressionistic transcription, 75% of 
the participants devoiced /g/ (15 speakers). The devoicing of /z/ was reported to be equally high: 
18 speakers overall devoiced it. Lastly, 15 out of 20 speakers (75%) devoiced the double coda 
/gz/ according to the impressionistic transcriptions. 
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Table 5.7 
 
IPA transcription of BCMS English speakers’ /gz/ 
 
IPA Transcription 
Word /bægz/  
Segment /g/ /z/ 
Bosnian 1F [k] [s] 
Bosnian 13F [g ]̥ [s] 
Bosnian 15F [k] [s] 
Croatian 1F [g] [z̥ ] 
Croatian 2F [k] [s] 
Croatian 4M [g ]̥ [s] 
Croatian 5F [g ]̥ [z̥ ] 
Croatian 7F [g ]̥ [s] 
Montenegrin 14F [g] [z] 
Serbian 2M [k] [s] 
Serbian 3M [g ]̥ [s] 
Serbian 5M [k] [s] 
Serbian 6M [k] [s] 
Serbian 7F [g] [z̥ ] 
Serbian 8M [k] [s] 
Serbian 9F [g ]̥ [s] 
Serbian 10M [g] [z] 
Serbian 12F [g ]̥ [z̥ ] 
Serbian 16M [g] [s] 
Serbian 17F [g ]̥ [s] 
Devoicing Total 15 18 
Voicing Total 5 2 
 
 
Table 5.8 illustrates minor discrepancies between the 40/60 Threshold, the Pitch 
Criterion, and IPA transcription voicing classifications. All three methods concur that devoicing 
of both segments within the coda was pervasive. BCMS speakers devoiced /g/ 65% according to 
the 40/60 Threshold, and 60% according to the Pitch Criterion. The IPA transcriptions suggest 
that the devoicing rate of /g/ was slightly higher (75%). The acoustic and impressionistic 
measurements generally agree with the devoicing of /z/ as well: /z/ was devoiced 100% 
according to the 40/60 Threshold, 70% according to the Pitch Criterion, and 90% according to 
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the IPA transcription. The impressionistic data was slightly more in accordance with the 40/60 
Threshold than with the Pitch Criterion. 
 
Table 5.8 
 
Non-Native English speakers’ voicing and devoicing percentage of /gz/ according to the 40/60 
Threshold, The Pitch Criterion, and IPA transcription 
 
scription 
 
 
 
 
 
 
Segmental Substitution Patterns: Focus on /gz/ coda 
 
According to the instrumental analysis, instances where the full coda, that is, /g/ and /z/, 
were devoiced are many. According to the 40/60 Threshold, /g/ was devoiced 13 times, and /z/ 
20 times. The Pitch Criterion has similar numbers. The voiced velar /g/ was devoiced 12 times, 
while /z/ was devoiced 14 times. More importantly, the 40/60 Threshold revealed that the double 
coda /gz/ was devoiced by 13 speakers, 10 of whom produced the two segments with 0% 
voicing. In other words, those speakers produced the /gz/ cluster as [ks], as shown in the 
spectrogram of Serbian 6M (Figure 5.6). 
Word /bægz/      
Correlate 40/60 Threshold     
Segment /g/ /z/ /g/ /z/ /g/  /z/ 
Devoicing 13 20 12 14 15  18 
Voicing 7 0 9 6 5  2 
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Figure 5.6. <bags> produced by Serbian 6M 
 
 
Impact on Intelligibility: Focus on /gz/ coda 
 
The potential of unintelligibility exists if both elements in the coda cluster are devoiced. 
 
However, unintelligibility in this case is slight. According to Catford’s (1987, pp. 99-100) 
calculations, the Relative Functional Load (RFL) of /g/ and /k/ in the coda is 29%. The RFL of 
/s/ and /z/ is slightly higher (38%), but, it is not high enough to interfere much with intelligibility. 
Higgins’ (2016) list of minimal pairs highlights 444 minimal pairs of /g/ and /k/, very few of 
which occur in the coda. The most common cases would be limited to words such as <bags> 
/bæks/ vs. <backs> /bægz/, <bugs> /bʌgz/ vs. <bucks> /bʌks/, and <tugs> /tʌgz/ vs. <tucks> 
 
/tʌks/. This suggests that intelligibility might be affected if /gz/ is substituted for /ks/, because of 
the lexical competition which is created by this substitution. 
Summary 
 
This chapter focused on the devoicing of the /gz/ coda in the word /bægz/. The BCMS 
speakers of English devoiced the double coda /gz/ at a similar rate according to both the 
instrumental and impressionistic data. The 40/60 Threshold reveals that 65% of BCMS English 
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speakers devoiced the whole /gz/ coda. The Pitch Criterion indicates that the double coda was 
devoiced 60%. The IPA transcription has a slightly higher percentage of double coda devoicing 
than the instrumental analyses (75%). The L2 participants produced /gz/ as [ks] in 50% of the 
cases. However, since the RFL between /g/ and /k/ in the coda is low, and the RFL between /z/ 
and /s/ is also low, double coda devoicing of /gz/ does not pose any serious threat to 
intelligibility. 
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Chapter VI: Devoicing of Alveolar and Velar Nasals 
 
In this final chapter, double codas consisting of nasal consonants and alveolar fricatives 
are addressed. The paragraph on the GMU’s Speech Accent Archive, which was read by all 
participants selected for this study, includes four words containing nasal codas: <things> 
(produced twice), <spoons>, and <Wednesday>. The total number of participants whose data is 
discussed in this chapter is 25, five of whom are the native English speaking control group, and 
20 of whom are the experimental group consisting of BCMS English speakers. Because of the 
difference in place of articulation of these nasal consonants, this chapter is split into two sub- 
sections discussing alveolar nasals and velar nasals. In the first portion of the chapter dealing 
with alveolar nasals, the coda cluster /nz/ in the words <spoons> /spunz/ and <Wednesday> 
/wenzde/ is analyzed. There are 50 occurrences of /n/ and 50 occurrences of /z/, which amounts 
to a total of 100 tokens. In the following section dealing with velar nasals, I will discuss the 
double coda /ŋz/ in the word <things> /θɪŋz/. The GMU paragraph contained two occurrences of 
<things>, which produced another 100 tokens (50 tokens of /ŋ/ and 50 tokens of /z/). 
 
Both sub-sections begin with the analyses of native English speakers’ 40/60 Threshold 
measurements, Pitch Criterion measurements and the IPA transcriptions of nasals in question. 
Then follows the analysis of BCMS speakers’ acoustic and impressionistic data, accompanied by 
the discussion on substitutional patterns and the impact on intelligibility in case of double coda 
devoicing with regard to alveolar and velar nasal consonants. 
Alveolar Nasals 
 
Native English Speakers’ Pronunciation of /nz/: Focus on the 40/60 Threshold. 
 
Ladefoged & Maddieson (1996) report that it is generally uncommon for nasals to be devoiced; 
however, “in addition to modally voiced nasals, nasals occur with breathy voice, creaky (or 
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laryngealized) voice, and with voicelessness due to open vocal folds” (p. 106). Therefore, nasal 
devoicing is possible, especially in word-final positions (Tucker & Warner, 2010, p. 292); 
however, it is rare. 
The infrequency of nasal devoicing is illustrated in Table 6.1, containing native English 
speakers’ voicing classification of /nz/ according to the 40/60 Threshold. The alveolar nasal /n/ 
was fully voiced by all participants, both in /spunz/ and /wenzde/. The second coda segment, /z/, 
was devoiced in six out of 10 instances (60%). All /z/ occurrences carried partial voicing, 
regardless of whether they were classified as voiced or devoiced. Devoicing of the coda-final 
alveolar fricative was more frequent in /wenzde/ than in /spunz/. 
 
Table 6.1 
 
Native English speakers’ /nz/ voicing according to the 40/60 Threshold 
 
g Classification 
 
 
 
 
 
 
 
 
 
 
 
 
 
Native English Speakers’ Pronunciation of /nz/: Focus on the Pitch Criterion. The 
40/60 Threshold analysis reveals that /n/ in /nz/ was voiced by all native English speakers. 
Similarly, the Pitch Criterion shows that /n/ was indeed voiced in all instances (Table 6.2). When 
it comes to /z/ tokens, however, pitch was detectable in nine out of 10 occurrences, meaning that 
90% of native English speakers’ /z/ tokens were voiced. 
Measurement % of Voicing tion % of Voicing Voicin    
Word /spunz/   /wenzde/    
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/   /z/ 
New York 6F 100 75 Voiced Voiced 100 21.5 Voice d Devoiced 
Massachusetts 21F 100 100 Voiced Voiced 100 28.6 Voice d Devoiced 
Virginia 60M 100 50 Voiced Voiced 100 18.2 Voice d Devoiced 
California 123F 100 33.4 Voiced Dev oiced 100 40 Voice d Voiced 
Minnesota 143M 100 8.4 Voiced Dev oiced 100 25 Voice d Devoiced 
Devoicing Total N/A N/A 0 2 N/A N/A 0   4 
Voicing Total N/A N/A 5 3 N/A N/A 5   1 
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Table 6.2 
 
Native English speakers’ /nz/ voicing according to the Pitch Criterion 
 
g Classification 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impressionistic Transcription versus Acoustic Measurements: Native Speakers’ /nz/. 
 
GMU linguists transcribed all /n/ tokens as voiced (Table 6.3), which is in accordance with the 
acoustic analyses. Only one token of /z/ was devoiced, in the word /wenzde/, while the remainder 
of /z/ occurrences, a total of nine, were transcribed as [z]. 
 
Table 6.3 
 
IPA transcription of native English speakers’ /nz/ 
 
 IPA Transcription    
Word /spunz/  /wenzde/  
Segment /n/ /z/ /n/ /z/ 
New York 6F [n] [z] [n] [z] 
Massachusetts 21F [n] [z] [n] [z̥ ] 
Virginia 60M [n] [z] [n] [z] 
California 123F [n] [z] [n] [z] 
Minnesota 143M [n] [z] [n] [z] 
Devoicing Total 0 0 0 1 
Voicing Total 5 5 5 4 
 
 
The acoustic and impressionistic findings, summarized in Table 6.4, show that both 
acoustic correlates and IPA transcription are in absolute accordance with regard to voicing of /n/. 
To be specific, instrumental analyses show that all tokens of /n/ were voiced, which is confirmed 
Measurement Pitch (Hz) tion
 Pitc
h 
    
Word /spunz/   /wenzd e/    
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/   /z/ 
New York 6F 229 219 Voiced Voiced 187 182 Voice d Voiced 
Massachusetts 21F 204 184 Voiced Voiced 181 169 Voice d Voiced 
Virginia 60M 210 202 Voiced Voiced 190 190 Voice d Voiced 
California 123F 157 Unid. Voiced Dev oiced 160 469 Voice d Voiced 
Minnesota 143M 147 138 Voiced Voiced 110 105 Voice d Voiced 
Devoicing Total N/A N/A 0 1 N/A N/A 0   0 
Voicing Total N/A N/A 5 4 N/A N/A 5   5 
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by IPA transcription obtained from the GMU website. On the other hand, voicing classification 
of /z/ is inconsistent when the 40/60 Threshold and the Pitch Criterion are compared. Finally, the 
Pitch Criterion is more in accordance with the IPA transcriptions, as both imply that only one out 
of 10 tokens of /z/ were devoiced. 
 
Table 6.4 
 
Native English speakers’ voicing and devoicing percentage of /nz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
Word /spunz/ /wenzde/ 
Correlate 40/60 Pitch IPA 40/60 Pitch IPA 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Devoicing 0 2 0 1 0 0 0 4 0 0 0 1 
Voicing 5 3 5 4 5 5 5 1 5 5 5 4 
 
 
BCMS English Speakers’ Pronunciation of /nz/: Focus on the 40/60 Threshold. 
 
Native English speakers demonstrated a consistent pattern of /n/ voicing, which is observable in 
non-native English speakers’ data as well. More precisely, all 40 /n/ tokens were voiced 100% by 
the BCMS English speaking participants (Table 6.5). As expected, cases of devoicing were noted 
among the non-native English speakers’ /z/ tokens. In 20 L2 speakers’ productions of /spunz/, a 
total of 10 /z/ tokens were devoiced, and five were devoiced in the word /wenzde/. Overall, the 
alveolar fricative /z/ was substituted with [s] in only two instances, while the remaining 13 
tokens were devoiced differently on the 40/60 scale. 
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Table 6.5 
 
BCMS English speakers’ /nz/ voicing according to the 40/60 Threshold 
 
Measurement % of Voicing Voicing Classification % of Voicing Voicing Classification 
Word /spunz/ /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 1F 100 8.4 Voiced Devoiced 100 5.6 Voiced Devoiced 
Bosnian 13F 100 71.5 Voiced Voiced 100 36.4 Voiced Devoiced 
Bosnian 15F 100 18.2 Voiced Devoiced 100 80 Voiced Voiced 
Croatian 1F 100 54.6 Voiced Voiced 100 100 Voiced Voiced 
Croatian 2F 100 100 Voiced Voiced 100 100 Voiced Voiced 
Croatian 4M 100 27.3 Voiced Devoiced 100 75 Voiced Voiced 
Croatian 5F 100 37.5 Voiced Devoiced 100 77 Voiced Voiced 
Croatian 7F 100 100 Voiced Voiced 100 64.3 Voiced Voiced 
Montenegrin 14F 100 60 Voiced Voiced 100 100 Voiced Voiced 
Serbian 2M 100 21.5 Voiced Devoiced 100 100 Voiced Voiced 
Serbian 3M 100 20 Voiced Devoiced 100 25 Voiced Devoiced 
Serbian 5M 100 27.3 Voiced Devoiced 100 100 Voiced Voiced 
Serbian 6M 100 0 Voiced Voiceless 100 85.8 Voiced Voiced 
Serbian 7F 100 100 Voiced Voiced 100 45.5 Voiced Voiced 
Serbian 8M 100 13.4 Voiced Devoiced 100 100 Voiced Voiced 
Serbian 9F 100 50 Voiced Voiced 100 63.7 Voiced Voiced 
Serbian 10M 100 100 Voiced Voiced 100 100 Voiced Voiced 
Serbian 12F 100 33.4 Voiced Devoiced 100 23.1 Voiced Devoiced 
Serbian 16M 100 40 Voiced Voiced 87.5 0 Voiced Voiceless 
Serbian 17F 100 100 Voiced Voiced 100 80 Voiced Voiced 
Devoicing Total N/A N/A 0 10 N/A N/A 0 5 
Voicing Total N/A N/A 20 10 N/A N/A 20 15 
 
 
The most common voicing patterns of the /nz/ coda were absolute voicing of both 
segments, and full voicing of /n/ paired with partial voicing of /z/. The former is shown in the 
spectrogram of Serbian 10M in Figure 6.1, and the latter is shown in Figure 6.2. The partial 
voicing of /z/ in the case of Croatian 7F exceeded 40%, which classified it as voiced. 
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Figure 6.1. <spoons> produced by Serbian 10M 
 
 
 
 
Figure 6.2. <Wednesday> produced by Croatian 7F 
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BCMS English Speakers’ Pronunciation of /nz/: Focus on the Pitch Criterion. As 
expected, pitch was identified in all /n/ tokens produced by BCMS English speakers, as 
presented in Table 6.6. Devoicing of /z/ in the coda-final position generally takes place in a large 
number of cases, regardless of the nature of preceding consonants. In non-native speakers’ /nz/ 
coda clusters, pitch is detectable within all /z/ tokens, even those whose voicing was 0% 
according to the 40/60 threshold. An example of this is shown in the spectrogram of Serbian 6M 
in Figure 6.3, whose voicing classification of /z/ is voiceless according to the 40/60 Threshold, 
and voiced according to the Pitch Criterion. 
 
Table 6.6 
 
BCMS English speakers’ /nz/ voicing according to the Pitch Criterion 
 
g Classification Measurement Pitch (Hz) ion
 Pitc
h 
    
Word /spunz/   /wenzd e/    
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/   /z/ 
Bosnian 1F 213 203 Voiced Voiced 205 198 Voiced   Voiced 
Bosnian 13F 211 219 Voiced Voiced 203 207 Voiced   Voiced 
Bosnian 15F 180 182 Voiced Voiced 179 181 Voiced   Voiced 
Croatian 1F 265 258 Voiced Voiced 117 114 Voiced   Voiced 
Croatian 2F 211 203 Voiced Voiced 168 135 Voiced   Voiced 
Croatian 4M 125 129 Voiced Voiced 118 115 Voiced   Voiced 
Croatian 5F 271 264 Voiced Voiced 245 258 Voiced   Voiced 
Croatian 7F 232 233 Voiced Voiced 224 222 Voiced   Voiced 
Montenegrin 14F 217 208 Voiced Voiced 191 177 Voiced   Voiced 
Serbian 2M 102 95 Voiced Voiced 106 108 Voiced   Voiced 
Serbian 3M 137 143 Voiced Voiced 107 99 Voiced   Voiced 
Serbian 5M 151 149 Voiced Voiced 113 110 Voiced   Voiced 
Serbian 6M 110 106 Voiced Voiced 107 103 Voiced   Voiced 
Serbian 7F 220 220 Voiced Voiced 180 175 Voiced   Voiced 
Serbian 8M 136 131 Voiced Voiced 113 112 Voiced   Voiced 
Serbian 9F 240 234 Voiced Voiced 192 184 Voiced   Voiced 
Serbian 10M 203 207 Voiced Voiced 171 175 Voiced   Voiced 
Serbian 12F 228 230 Voiced Voiced 229 238 Voiced   Voiced 
Serbian 16M 131 121 Voiced Voiced 117 477 Voiced   Voiced 
Serbian 17F 258 219 Voiced Voiced 230 234 Voiced   Voiced 
Devoicing Total N/A N/A 0 0 N/A N/A 0   0 
Voicing Total N/A N/A 20 20 N/A N/A 20   20 
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Figure 6.3. <spoons> produced by Serbian 6M 
 
 
Impressionistic Transcription versus Acoustic Measurements: Non-native Speakers’ 
 
/nz/. Impressionistic transcription is in accordance with the 40/60 Threshold and the Pitch 
Criterion with regard to /n/ tokens, as all /n/ segments were transcribed as [n], as seen in Table 
6.7. Fifteen out of 20 tokens of /z/ in the word /spunz/ and four out of 20 tokens in the words 
 
/wenzde/ were transcribed as either devoiced or voiceless. The reason why /z/ was more likely to 
be heard as voiced in the word /wenzde/ might be because the double coda /nz/ is in medial 
position. In other words, /z/ devoicing is more likely to be perceived in the word-final coda in the 
word /spunz/. 
75 
 
 
 
Table 6.7 
 
IPA transcription of BCMS English speakers’ /nz/ 
 
 IPA Transcription   
Word /spunz/  /wenzde/  
Segment /n/ /z/ /n/ /z/ 
Bosnian 1F [n] [s] [n] [s] 
Bosnian 13F [n] [z̥ ] [n] [z̥ ] 
Bosnian 15F [n] [s] [n] [z̥ ] 
Croatian 1F [n] [z̥ ] [n] [z] 
Croatian 2F [n] [z̥ ] [n] [z] 
Croatian 4M [n] [s] [n] [z] 
Croatian 5F [n] [s] [n] [z] 
Croatian 7F [n] [z] [n] [z] 
Montenegrin 14F [n] [z] [n] [z] 
Serbian 2M [n] [z̥ ] [n] [z] 
Serbian 3M [n] [z̥ ] [n] [z] 
Serbian 5M [n] [s] [n] [z̥ ] 
Serbian 6M [n] [s] [n] [z] 
Serbian 7F [n] [s] [n] [z] 
Serbian 8M [n] [s] [n] [z] 
Serbian 9F [n] [z] [n] [z] 
Serbian 10M [n] [z] [n] [z] 
Serbian 12F [n] [s] [n] [z] 
Serbian 16M [n] [s] [n] [z] 
Serbian 17F [n] [z] [n] [z] 
Devoicing Total 0 15 0 4 
Voicing Total 20 5 20 16 
 
 
Table 6.8 summarizes the acoustic findings and impressionistic transcriptions of the 
double coda /nz/ in the words /spunz/ and /wendze/, as produced by BCMS speakers of English. 
The IPA transcription is more in accordance with the 40/60 Threshold voicing classification, 
because both detected /z/ devoicing, unlike the Pitch Criterion. 
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Table 6.8 
 
BCMS English speakers’ voicing and devoicing percentage of /nz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
Word /spunz/ /wenzde/ 
Correlate 40/60 Pitch IPA 40/60 Pitch IPA 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Devoicing 0 10 0 0 0 15 0 5 0 0 0 4 
Voicing 20 10 20 20 20 5 20 15 20 20 20 16 
 
 
Segmental Substitution Patterns: Focus on /nz/ coda. The instrumental analyses show 
that none of the BCMS speakers of English replaced /n/ in the words /spunz/ and /wenzde/. On 
the other hand, /z/ was produced as [s] by two speakers, one of whom is Serbian 6M, whose 
spectrogram of /spunz/ is shown in Figure 6.1 above, and Serbian 16M, whose production of 
/wenzde/ is shown in Figure 6.4. 
 
 
 
 
Figure 6.4. <Wednesday> produced by Serbian 16M 
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Impact on Intelligibility: Focus on /nz/ coda. As mentioned in the previous chapters, 
the RFL of /z/ and /s/ is 38%, which means that if a speaker were to use these segments 
interchangeably, it would have a low effect on intelligibility. In addition, the substitution of /z/ 
with /s/ does not affect intelligibility because the previous coda constituent is not being devoiced 
or substituted for a different segment. Therefore, because the double coda devoicing does not 
take place in the case of /nz/, mere devoicing of /z/ is not strong enough to cause 
miscomprehension by native or other non-native English hearers or listeners. 
Velar Nasals 
 
Native English Speakers’ Pronunciation of /ŋz/: Focus on the 40/60 Threshold. The 
40/60 Threshold voicing classification presented in Table 6.9 shows that L1 speakers of English 
do not have a tendency to devoice /ŋ/. A total of nine tokens of /ŋ/ were fully voiced, while only 
one speaker voiced it 91%. As anticipated, /z/ devoicing was far more frequent. Specifically, 
only one out of 10 tokens of /z/ were voiced. Seven speakers’ productions of /z/ carried some 
percentage of voicing; however, not high enough for them to be voiced. Finally, two speakers 
pronounced /z/ as [s], as there was no percentage of voicing detected in their tokens. 
 
Table 6.9 
 
Native English speakers’ /ŋz/ voicing according to the 40/60 Threshold 
 
g Classification Measurement % of Voicing tion % of Voicing Voicin    
Word /θɪŋz/-1   /θɪŋz/-2     
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/   /z/ 
New York 6F 100 20 Voiced Dev oiced 100 100 Voice d Voiced 
Massachusetts 21F 100 25 Voiced Dev oiced 100 20 Voice d Devoiced 
Virginia 60M 100 0 Voiced Voiceless 100 25 Voice d Devoiced 
California 123F 91 0 Voiced Voiceless 100 20 Voice d Devoiced 
Minnesota 143M 100 37.5 Voiced Dev oiced 100 20 Voice d Devoiced 
Devoicing Total N/A N/A 0 5 N/A N/A 0   4 
Voicing Total N/A N/A 5 0 N/A N/A 5   1 
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Native English Speakers’ Pronunciation of /ŋz/: Focus on the Pitch Criterion. Pitch 
voicing classification coincides with that of the 40/60 Threshold, as all tokens of /ŋ/ contain 
identifiable pitch, meaning that all of them were voiced. The second coda segment /z/, however, 
was voiced more frequently according to the Pitch Criterion than to the 40/60 Threshold. Pitch 
measurements imply that a total of nine /z/ tokens were voiced, and only one was devoiced, 
shown in Table 6.10. 
 
Table 6.10 
 
Native English speakers’ /ŋz/ voicing according to the Pitch Criterion 
 
g Classification 
 
 
 
 
 
 
 
 
 
 
 
 
 
The only native speaker whose pitch values indicate /z/ devoicing is California 123F 
(Figure 6.5). This is also the only speaker whose /ŋ/ segment carries partial voicing as indicated 
in the Voice Report. Therefore, because voicing is partial in the first segment, no voicing carried 
onto the following segment, which is the reason why no pitch was identified. Another production 
of /z/ that was voiced 0% according to the 40/60 Threshold, but classified as voiced by the Pitch 
Criterion is that of Virginia 60M, whose utterance of /θɪŋz/ is shown in Figure 6.6. Pitch was 
identified in this participants’ production of /z/ for unknown reasons. 
Measurement Pitch (Hz) tion
 Pitc
h 
    
Word /θɪŋz/-1   /θɪŋz/-2    
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/   /z/ 
New York 6F 197 187 Voiced Voiced 217 198 Voice d Voiced 
Massachusetts 21F 181 167 Voiced Voiced 190 174 Voice d Voiced 
Virginia 60M 227 448 Voiced Voiced 205 198 Voice d Voiced 
California 123F 152 Unid. Voiced Dev oiced 165 163 Voice d Voiced 
Minnesota 143M 121 117 Voiced Voiced 116 118 Voice d Voiced 
Devoicing Total N/A N/A 0 1 N/A N/A 0   0 
Voicing Total N/A N/A 5 4 N/A N/A 5   5 
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Figure 6.5. <things>-1 produced by California 123F 
 
 
 
 
Figure 6.6. <things>-1 produced by Virginia 60M 
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Impressionistic Transcription versus Acoustic Measurements: Native Speakers’ /ŋz/. 
 
The acoustic correlates discussed above suggest that native English speakers do not devoice /ŋ/ 
in the /ŋz/ coda. Similarly, IPA transcription (Table 6.11) shows that all /ŋ/ tokens produced by 
native speakers were voiced. Devoicing of /z/ was recognized by transcriptionists in three 
instances. 
 
Table 6.11 
 
IPA transcription of native English speakers’ /ŋz/ 
 
 IPA Transcription    
Word /θɪŋz/-1  /θɪŋz/-2  
Segment /ŋ/ /z/ /ŋ/ /z/ 
New York 6F [ŋ] [s] [ŋ] [z] 
Massachusetts 21F [ŋg] [z̥ ] [ŋg] [z̥ ] 
Virginia 60M [ŋ] [z] [ŋ] [z] 
California 123F [ŋ] [z] [ŋ] [z] 
Minnesota 143M [ŋ] [z] [ŋ] [z] 
Devoicing Total 0 2 0 1 
Voicing Total 5 3 5 4 
 
 
Phonetic transcription fully resembles the two acoustic analyses with regard to /ŋ/ 
devoicing, as shown in Table 6.12. The Pitch Criterion reveals that only one out of 10 speakers 
devoiced /z/ in /θɪŋz/, while the 40/60 Threshold shows that a total of nine out of 10 speakers 
devoiced it. GMU transcribers recognized devoicing in three /z/ tokens. California 123F is the 
only speaker whose Pitch Criterion and the 40/60 Threshold voicing classification coincide, that 
is, both acoustic correlates show that /z/ was devoiced by this speaker; however, the transcription 
suggests otherwise. 
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Table 6.12 
 
Native English speakers’ voicing and devoicing percentage of /nz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
Word /θɪŋz/-1 /θɪŋz/-2 
Correlate 40/60 Pitch IPA 40/60 Pitch IPA 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Devoicing 0 5 0 1 0 2 0 4 0 0 0 1 
Voicing 5 0 5 4 5 3 5 1 5 5 5 4 
 
 
BCMS English Speakers’ Pronunciation of /ŋz/: Focus on the 40/60 Threshold. 
 
Devoicing of /ŋ/ was not recorded in native speakers’ tokens, which was not the case for BCMS 
speakers’ /ŋ/ utterances. Eight out of 40 tokens of /ŋ/ were devoiced by non-native speakers of 
English, amounting to 20% of the BCMS /ŋ/ data (Table 6.13). Where devoicing took place, /ŋ/ 
was produced as /nk/, in which case only /k/ was measured because its devoicing is of 
importance to this study. Final coda constituent devoicing was more frequent, with a total of 23 
out of 40 tokens of /z/ being devoiced (57.5%). Naturally, all devoiced /ŋ/ segments were 
followed by a devoiced /z/. Therefore, double coda devoicing occurred in 20% of the /θɪŋz/ 
utterances. The absolute devoicing of the /ŋz/ coda in the word /θɪŋz/ is shown in the 
spectrogram of Bosnian 1F, in Figure 6.7. 
 
Table 6.13 
 
BCMS English speakers’ /ŋz/ voicing according to the 40/60 Threshold 
 
g Classification Measurement % of Voicing ion % of Voicing Voicin    
Word /θɪŋz/- 1  /θɪŋz/-2     
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/   /z/ 
Bosnian 1F 0 0 Voiceless
 Voicel
e 
ss 0 0 Voicel ess Voiceless 
Bosnian 13F 100 33.4 Voiced Devoiced 100 11.2 Voiced   Devoiced 
Bosnian 15F 100 0 Voiced
 Voicel
e 
ss 60 0 Voiced   Voiceless 
Croatian 1F 100 46.2 Voiced Voiced 100 100 Voiced   Voiced 
Croatian 2F 100 58.4 Voiced Voiced 100 75 Voiced   Voiced 
Croatian 4M 100 7.7 Voiced Devoiced 0 0 Voicel ess Voiceless 
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(Table 6.13 continued) 
 
Croatian 5F 100 60 Voiced Voiced 100 33.7 Voiced Devoiced 
Croatian 7F 100 100 Voiced Voiced 100 100 Voiced Voiced 
Montenegrin 14F 100 35 Voiced Devoiced 100 16.7 Voiced Devoiced 
Serbian 2M 0 0 Voiceless Voiceless 0 0 Voiceless Voiceless 
Serbian 3M 100 57.2 Voiced Voiced 100 0 Voiced Voiceless 
Serbian 5M 100 16.7 Voiced Devoiced 100 36.4 Voiced Devoiced 
Serbian 6M 0 0 Voiceless Voiceless 0 0 Voiceless Voiceless 
Serbian 7F 100 0 Voiced Voiceless 100 71.5 Voiced Voiced 
Serbian 8M 0 0 Voiceless Voiceless 100 30.8 Voiced Devoiced 
Serbian 9F 100 50 Voiced Voiced 100 100 Voiced Voiced 
Serbian 10M 100 100 Voiced Voiced 100 100 Voiced Voiced 
Serbian 12F 100 23.1 Voiced Devoiced 100 83.4 Voiced Voiced 
Serbian 16M 100 0 Voiced Voiceless 100 50 Voiced Voiced 
Serbian 17F 100 100 Voiced Voiced 100 40 Voiced Voiced 
Devoicing Total N/A N/A 4 12 N/A N/A 4 11 
Voicing Total N/A N/A 16 8 N/A N/A 16 9 
 
 
 
 
Figure 6.7. <things>-1 produced by Bosnian 1F 
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BCMS English Speakers’ Pronunciation of /ŋz/: Focus on the Pitch Criterion. The 
Pitch Criterion confirms the findings of the 40/60 Threshold with regard to /ŋ/ devoicing by 
BCMS speakers of English. To be more precise, pitch was not identified in the eight tokens of 
/ŋ/, which were voiced 0% according to the Voice Report. This means that 20% of non-native 
speakers devoiced it. The devoicing rate of /z/ was lower than that of the 40/60 Threshold 
according to pitch measurements: a total of 14 out of 40 tokens of /z/ were devoiced by non- 
native speakers (Table 6.14). As discussed in the previous chapters, pitch is generally identified 
in segments which are considered devoiced by the 40/60 Threshold if the voicing does not 
exceed 40%. 
 
Table 6.14 
 
BCMS English speakers’ /ŋz/ voicing according to the Pitch Criterion 
 
Classification Measurement Pitch (Hz) ion
 Pitc
h 
    
Word /θɪŋz/-1   /θɪŋz/-2    
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/   /z/ 
Bosnian 1F Unid. Unid. Devoiced Devoiced Unid . Unid. Devoic  ed Devoiced 
Bosnian 13F 202 205 Voiced Voiced 204 202 Voiced   Voiced 
Bosnian 15F 188 Unid. Voiced Devoiced 193 Unid. Voiced   Devoiced 
Croatian 1F 194 190 Voiced Voiced 121 211 Voiced   Voiced 
Croatian 2F 163 162 Voiced Voiced 182 182 Voiced   Voiced 
Croatian 4M 121 Unid. Voiced Devoiced Unid . Unid. Devoic  ed Devoiced 
Croatian 5F 250 244 Voiced Voiced 256 250 Voiced   Voiced 
Croatian 7F 240 247 Voiced Voiced 219 221 Voiced   Voiced 
Montenegrin 14F 198 174 Voiced Voiced 204 191 Voiced   Voiced 
Serbian 2M Unid. Unid. Devoiced Devoiced Unid . Unid. Devoic  ed Devoiced 
Serbian 3M 111 108 Voiced Voiced 92 Unid. Voiced   Devoiced 
Serbian 5M 118 116 Voiced Voiced 136 140 Voiced   Voiced 
Serbian 6M Unid. Unid. Devoiced Devoiced Unid . Unid. Devoic  ed Devoiced 
Serbian 7F 200 Unid. Voiced Devoiced 213 211 Voiced   Voiced 
Serbian 8M Unid. Unid. Devoiced Devoiced 173 291 Voiced   Voiced 
Serbian 9F 271 266 Voiced Voiced 202 201 Voiced   Voiced 
Serbian 10M 196 195 Voiced Voiced 195 193 Voiced   Voiced 
Serbian 12F 271 253 Voiced Voiced 267 255 Voiced   Voiced 
Serbian 16M 101 Unid. Voiced Devoiced 115 111 Voiced   Voiced 
Serbian 17F 266 243 Voiced Voiced 303 281 Voiced   Voiced 
Devoicing Total N/A N/A 4 8 N/A N/A 4   6 
Voicing Total N/A N/A 16 12 N/A N/A 16   14 
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Impressionistic Transcription versus Acoustic Measurements: Non-native Speakers’ 
 
/ŋz/. Impressionistic transcriptions of the /ŋz/ cluster are listed in Table 6.15. A total of 12 out of 
40 speakers devoiced /ŋ/, meaning that 30% of /ŋ/ tokens were devoiced, and 70% were voiced. 
The percentage of devoicing was higher with regard to /z/, as 80% of its tokens were devoiced 
(32 out of 40 participants). 
 
Table 6.15 
 
IPA transcription of BCMS English speakers’ /ŋz/ 
 
 IPA Transcription   
Word /θɪŋz/-1  /θɪŋz/-2  
Segment /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 1F [ŋk] [s] [ŋk] [s] 
Bosnian 13F [ŋ] [z̥ ] [ŋ] [z̥ ] 
Bosnian 15F [ŋk] [s] [ŋk] [s] 
Croatian 1F [ŋk] [s] [ŋ] [z̥ ] 
Croatian 2F [ŋ] [s] [ŋ] [s] 
Croatian 4M [ŋ] [s] [ŋ] [s] 
Croatian 5F [ŋ] [s] [ŋ] [s] 
Croatian 7F [ŋ] [z̥ ] [ŋ] [s] 
Montenegrin 14F [ŋ] [z] [ŋ] [z̥ ] 
Serbian 2M [ŋk] [s] [ŋk] [s] 
Serbian 3M [ŋ] [z] [ŋ] [z] 
Serbian 5M [ŋ] [s] [ŋ] [s] 
Serbian 6M [nk] [s] [nk] [s] 
Serbian 7F [ŋ] [s] [ŋ] [s] 
Serbian 8M [nk] [s] [nk] [s] 
Serbian 9F [ŋ] [z] [ŋ] [z] 
Serbian 10M [ŋ] [s] [ŋ] [z] 
Serbian 12F [ŋ] [z] [ŋk] [s] 
Serbian 16M [ŋ] [z̥ ] [ŋ] [z] 
Serbian 17F [ŋ] [z̥ ] [ŋ] [z̥ ] 
Devoicing Total 6 16 6 16 
Voicing Total 14 4 14 4 
 
 
A summary of the voicing classification according to the 40/60 Threshold, the Pitch 
Criterion, and the IPA transcription is shown in Table 6.16. The agreement between the 
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instrumental analyses and the impressionistic transcriptions is almost absolute with regard to /ŋ/. 
The acoustic analyses show that it was devoiced 20%, while the IPA transcription suggests that it 
was devoiced 30%. When it comes to /z/, IPA transcription is closer to the 40/60 Threshold 
findings: /z/ was devoiced 57.5% according to the 40/60 Threshold, and 80% according to the 
phonetic transcriptions. 
 
Table 6.16 
 
BCMS English speakers’ voicing and devoicing percentage of /ŋz/ according to the 40/60 
Threshold, the Pitch Criterion, and IPA transcription 
Word /θɪŋz/-1 /θɪŋz/-2 
Correlate 40/60 Pitch IPA 40/60 Pitch IPA 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Devoicing 4 12 4 8 6 16 4 11 4 6 6 16 
Voicing 16 8 16 12 14 4 16 9 16 14 14 4 
 
 
Segmental Substitution Patterns: Focus on /ŋz/ coda. The /ŋz/ coda was devoiced in 
eight instances, meaning that it was produced as [nks]. In all these instances, the segment /n/ was 
not deleted; however, it was not measured because its voicing was not of relevance to 
determining whether /ŋz/ was devoiced or not. Figure 6.8 contains the spectrogram of Croatian 
4M, in which the coda cluster /ŋz/ does not contain pitch or voicing. In addition, /z/ was 
produced as [s] by this speaker, as well as twelve more BCMS speakers of English. 
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Figure 6.8. <things>-2 produced by Croatian 4M 
 
 
Impact on Intelligibility: Focus on /ŋz/ coda. It can be argued that in the cases of /ŋz/ 
devoicing, the coda is reduced to /ngz/ and further devoiced to /nks/. In that case, the RFL of /g/ 
and /k/ and that of /z/ and /s/ are considered in order to gauge (un)intelligibility. As mentioned 
previously, the RFL of these two pairs is 29% and 38%, respectively. Therefore, it can be 
concluded that unintelligibility is highly improbable. However, if we consider lexical pairs such 
as <things> /θɪŋz/ vs. <thinks> /θɪnks/, <brings> /bɹɪŋz/ vs. <brinks> /bɹɪnks/, and <rings> /ɹɪŋz/ 
vs. <rinks> /ɹɪnks/, we can speculate that intelligibility might be slightly impaired in the case of 
/ŋz/ devoicing. 
 
Summary 
 
Surdučki (1964, p. 177) proposes that the voicing harmony of BCMS does not apply to 
sonorants, which the data discussed above partially supports. The alveolar and velar nasals 
discussed in this chapter do not show a frequent tendency to be devoiced, by either native or non- 
native speakers of English. In fact, the alveolar nasal /n/ was voiced by all 25 speakers, in the 
words <spoons> and <Wednesday>. The Pitch Criterion suggests that /z/ in the /nz/ coda was 
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voiced in all instances, while the 40/60 Threshold reveals that its devoicing happened in 10 out 
of 40 tokens (25%). The RFL of /z/ and /s/ is relatively low (38%), which brings us to the 
conclusion that intelligibility is unaffected because /z/ devoicing alone is not highly prominent. 
When it comes to the velar nasal /ŋ/, however, devoicing occurred 20% of the time in BCMS 
speakers’ data. Both the 40/60 Threshold and the Pitch Criterion indicate that /z/ devoicing was 
more frequent, as the former shows that it occurred 57.5% of the time, and the latter suggests that 
it happened merely 20%. Finally, double coda devoicing was recorded in 20% of the BCMS 
speakers’ tokens of /ŋz/. Even though the devoicing rate is low, intelligibility can be hindered if a 
word such as <things> is substituted with <thinks>. 
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Chapter VII: Conclusion 
 
Teaching pronunciation to ESL/EFL learners is of great importance because it can help 
reduce unintelligibility. Some instructors tend to neglect pronunciation, not necessarily because 
they deem it unimportant, but because of the lack of research and guidance. This means that 
issues that contribute to negative transfers and unintelligibility continue to be dealt with 
according to instructors’ intuition (Derwing & Munro, 2005). 
The findings reported in this study give an insight into acoustic issues dealing with the 
putative negative transfer of the BCMS voicing harmony, which conditions the segments in the 
double coda to agree in voicing. Furthermore, this study presents an impressionistic account of 
devoicing alongside of the instrumental analyses. Devoicing was recorded in all double codas, 
with the exception of those containing alveolar nasals. The coda clusters which were most prone 
to devoicing were the ones containing alveolar and velar stops. BCMS speakers of English 
devoiced the double coda /gz/ in <bags> /bægz/ 65% according to the 40/60 Threshold, 60% 
according to the Pitch Criterion, and 75% according to the IPA transcriptions. The frequency of 
/dz/ devoicing was slightly lower: the 40/60 Threshold revealed that 45% of non-native speakers 
devoiced it, while the Pitch Criterion reported 35% devoicing. The IPA transcriptionists 
perceived /dz/ as /ts/ 90% of the time in non-native speakers’ productions of <kids> /kɪdz/. The 
40/60 Threshold showed that double codas containing bilabial stops were devoiced 15%, and 
20% according to the Pitch Criterion. The IPA transcription suggested that 55% of BCMS 
speakers of English devoiced /bz/. Finally, the two acoustic correlates showed that /ŋz/ devoicing 
occurred 20% of the time, whereas the IPA transcriptionists reported it in 30% of the cases. 
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The most common substitutional method employed by BCMS speakers of English was 
devoicing – substitution of voiced segments with their voiceless counterparts. Glottalization of 
/d/ in the word <kids> /kɪdz/ was recorded in two speakers’ samples. 
 
Substitution of /dz/ with /ts/ is the most detrimental to intelligibility, as the RFL of /d/ 
and /t/ is 72% at the end of words. The RFL of /g/ and /k/ is significantly lower (29%), while the 
RFL of /b/ and /p/ is merely 14% word-finally. Lastly, substitution of /z/ with /s/ causes low 
unintelligibility because their RFL is 38%. Intelligibility can also be impaired by the competition 
created between lexical neighbors such as <kids> /kɪdz/ vs. <kits> /kɪts/, <bags> /bægz/ vs. 
<backs> /bæks/, <slabs> /slæbz/ vs. <slaps> /slæps/, and <things> /θɪŋz/ vs. <thinks> /θɪnks/. 
The impressionistic transcription reveals that native or proficient speakers are prone to detecting 
double coda devoicing in the English of BCMS speakers even when the acoustic data shows 
otherwise. Therefore, regardless of acoustic measurements, BCMS English double codas are 
frequently perceived as devoiced. This can confuse hearers if the syntactic and discourse 
contexts are not sufficiently redundant. 
Pedagogical Implications 
 
Because double coda devoicing occurs quite frequently in the English of BCMS speakers, 
ideas and resources for pronunciation teaching need to be made available for ESL/EFL teachers. 
The most common way of teaching differentiation between segments is minimal pair drills; 
therefore, exercises using lexical competitors such as the ones listed above, in context or in 
isolation, can aid BCMS speakers of English to discriminate between the voiced and voiceless 
double codas. Modelling appropriate pronunciation is of high value, which is why computer 
assisted language learning can be fruitful, especially in EFL settings in which teachers are not 
native English speakers. Research has shown that visual input can also be useful in pronunciation 
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teaching. For instance, Lord (2005) states that “it may be beneficial for students to engage in 
self-analysis to make them aware of their own pronunciation, such as visualization practice with 
voice analysis programs, or self-analysis projects” (p. 565). Furthermore, Olson (2014) suggests 
employing Praat in pronunciation instruction, that is, using Praat for segmental feature analysis, 
contrasting native and non-native speech, as well as self-monitoring (p. 59). Therefore, for more 
advanced learners, as well as more advanced language teaching settings, computer programs 
such as Praat can be incorporated into teaching of pronunciation, as little training is necessary for 
students to be able to detect voicing within spectrograms. A way to integrate Praat into 
pronunciation training is to have BCMS learners record their own productions of voiced English 
codas in order to visualize, analyze and self-assess their own pronunciation. 
Future Research 
 
A number of suggestions can be made for future research related to double coda 
devoicing in BCMS English. This study does not address the demographic data and linguistic 
history data of the L2 speakers, presented in Table 2.1. A suggestion for a future study is to 
investigate BCMS devoicing of double codas in naturally occurring speech as opposed to 
scripted connected speech, which was analyzed in the present study. Future research could take 
these characteristics into account and determine how they affect double coda devoicing. 
Furthermore, research on the differences between the English of individual varieties of BCMS 
could be carried out in order to determine whether double coda devoicing varies among the 
dialects of Serbo-Croatian. This would give an insight into whether speakers of one variety of 
BCMS are more likely to devoice English double codas than speakers of other BCMS varieties. 
The present study provides information on an uninvestigated phenomenon in BCMS English; 
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however, there are more possibilities for further research that would ensure a deeper insight into 
the English of Western South Slavic speakers. 
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Appendix A: CoG and Duration Measurements 
 
CoG measurements 
 
Gradoville (2011) states that “center of gravity is essentially a weighted average of the 
frequencies occurring in a given sound. Voiced sounds, with their low frequency energy, should 
have a lower center of gravity than voiceless sounds, which lack this low frequency energy” (p. 
64). Jongman, Wayland, & Wong (2000) studied acoustic characteristics of English fricatives in 
native English speakers. They found that /s, z/ have the highest CoG values among fricatives. 
Similar to Gradoville, the results of their study showed that voiceless fricatives tend to have 
higher CoG values. Jongman, Wayland, & Wong also found that women’s CoG values are 
higher than those of their male informants (2000, p. 1257). CoG is informative when it comes to 
fricatives; however, it is not as robust for stops and nasals. 
The CoG measurements of the two groups are presented in the table below. 
 
 
 
ægz] [wɛnzde] 
CoG (Hz) 
Word [ θɪŋz] ] [slæbz] [ θɪŋz        
Segment [ŋ] [z] [n] [ z] [b] [z] [ d] [z] [ŋ] [ z] [g]    [z] [n] [z] 
New York 6F 487 7136 350 4 983 573 6589 533 8515 341 2 552 1592    7472 312 8356 
Massachusetts 21F 291 4647 243 4 939 291 5583 227 6519 275 6 793 192    7473 251 6240 
Virginia 60M 289 5677 427 6 572 367 7613 44 6306 438 7 894 232    5802 359 6940 
California 123F 270 166 241 5 305 162 4180 588 7626 267 8 020 147    7862 230 1105 
Minnesota 143M 215 5489 349 6 979 200 6534 281 6276 235 5 874 241    6384 224 4532 
Bosnian 1F 1018 5838 256 4 682 2212 2444 861 7665 537 5 674 2311    6701 241 6184 
Bosnian 13F 304 1874 251 3 397 598 2731 244 4925 285 5 480 967    4533 292 4897 
Bosnian 15F 213 6550 272 4 927 199 4340 96 7004 208 6 386 426    6023 224 381 
Croatian 1F 382 2323 341 2 928 356 1735 404 4056 353 4 49 267    4641 322 962 
Croatian 2F 332 2495 276 2 919 593 4054 385 5056 234 1 984 1053    4623 340 1697 
Croatian 4M 267 3794 250 3 089 441 4167 391 3199 317 4 889 336    3770 301 1589 
Croatian 5F 266 5599 275 6 861 406 8229 846 7958 268 6 329 1798    5124 255 3401 
Croatian 7F 258 2966 254 1 388 292 660 388 6069 277 1 393 1515    5925 293 583 
Montenegrin 14F 317 6534 311 4 779 129 5792 177 5527 273 7 072 176    7180 305 1184 
Serbian 2M 611 5086 200 6 822 159 6181 240 6262 503 5 702 824    6253 208 3168 
Serbian 3M 325 2935 381 5 265 217 5095 514 6464 224 5 089 32    5817 434 5427 
Serbian 5M 393 4979 343 4 340 522 4958 383 4961 361 4 703 406    5088 336 3871 
Serbian 6M 1162 4977 313 3 619 517 4322 415 4598 1201 4 418 762    4501 325 1497 
Serbian 7F 344 5309 343 2 311 524 4448 468 5519 426 3 509 454    5452 366 5008 
Serbian 8M 1030 4653 367 4 126 660 4043 308 5074 309 3 661 807    5239 438 1297 
Serbian 9F 309 3548 306 3 847 660 4587 505 5775 259 2 855 956    5208 397 4869 
Serbian 10M 314 563 411 7 69 392 533 402 4631 314 3 82 382    1861 342 423 
Serbian 12F 279 2625 258 4 134 964 4320 845 4322 276 1 909 2007    5222 236 4647 
Serbian 16M 99 2701 158 6 867 69 3959 50 6118 129 3 446 15    3970 168 2024 
Serbian 17F 275 269 266 1 969 304 2445 1921 7628 332 5 868 1955    5071 240 1172 
 
97 
 
 
 
Duration measurements 
 
Segmental duration is generally informative with regard to prosodic aspects of speech. 
 
According to Stevens, Blumstein, Glicksman, Burton, & Kurowski (1992, pg. 2994), “the 
duration of the voiced fricative is about 30 ms shorter than that of the voiceless fricative”. This 
acoustic correlate was not highly robust for the present study. However, the duration 
measurements of each token are presented in the table below. 
 
 
Duration (ms) 
Word [ θɪŋz] [spunz] [slæbz] [kɪdz] [ θɪŋz] [bægz] [wɛnzde] 
Segment [ŋ] [z] [n] [z] [b] [z] [d] [z] [ŋ] [z] [g] [z] [n] [z] 
New York 6F 90 65 65 48 72 36 34 107 96 56 22 111 74 143 
Massachusetts 21F 27 57 31 37 34 42 58 75 52 59 42 73 59 70 
Virginia 60M 110 78 29 49 54 60 97 108 63 88 30 72 61 111 
California 123F 108 43 47 43 48 55 96 42 88 64 35 78 72 92 
Minnesota 143M 91 87 84 117 83 70 59 176 99 59 37 157 67 122 
Bosnian 1F 23 182 66 135 71 379 95 290 11 175 36 239 63 184 
Bosnian 13F 48 76 36 76 45 61 61 116 133 106 33 99 46 114 
Bosnian 15F 101 117 14 116 67 216 41 179 45 96 22 134 57 92 
Croatian 1F 99 137 80 118 56 147 59 137 88 77 70 111 42 136 
Croatian 2F 72 127 20 76 38 87 36 192 94 88 17 184 82 96 
Croatian 4M 61 140 15 124 70 149 41 143 16 89 18 157 30 75 
Croatian 5F 76 110 19 96 72 135 28 212 68 152 24 148 64 136 
Croatian 7F 64 78 34 58 43 82 34 120 51 81 19 100 25 147 
Montenegrin 14F 141 191 35 59 68 78 37 118 140 126 33 89 40 110 
Serbian 2M 15 297 55 149 78 154 74 256 14 215 15 204 52 98 
Serbian 3M 43 71 89 58 51 59 45 119 80 58 23 80 41 83 
Serbian 5M 100 191 59 117 52 152 54 190 87 117 17 166 66 91 
Serbian 6M 8 151 23 133 66 151 63 186 15 159 24 206 24 133 
Serbian 7F 49 127 13 55 71 92 55 158 71 82 27 107 51 104 
Serbian 8M 26 233 48 162 45 145 56 185 85 139 80 145 57 117 
Serbian 9F 38 89 30 53 45 56 42 145 75 52 27 128 26 116 
Serbian 10M 28 119 33 65 58 67 36 224 52 67 16 166 55 111 
Serbian 12F 58 124 42 47 67 81 42 185 50 71 27 109 56 137 
Serbian 16M 79 61 41 57 45 55 134 176 62 57 57 127 74 97 
Serbian 17F 125 37 55 67 43 107 186 140 125 64 33 126 46 98 
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Appendix B: Spectrograms 
 
Spectrograms of <slabs> 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
New York 6F 573 6589 177 N/A 72 36 42.8 0 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /slæbz/        
Segment /b/ /z/ /b/ / z/ /b/ /z/ /b/   /z/ 
Massachusetts 21F 291 5583 183 181 34 42 10 0 33.4 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Virginia 60M 367 7613 153 N/A 54 60 100 20 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
California 123F 162 4180 N/A N/A 48 55 25 0 
100 
 
 
 
 
 
60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Bosnian 1F 2212 2444 N/A N/A 71 379 0 0 
Measurement CoG (Hz) Duration (ms)
 40
/ 
   
Word /slæbz/        
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/   /z/ 
Minnesota 143M 200 6534 119 N/A 83 70 10 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Bosnian 13F 598 2731 N/A N/A 45 61 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Bosnian 15F 199 4340 117 N/A 67 216 57.2 5 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Croatian 1F 356 1735 199 228 56 147 100 64.3 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Croatian 2F 593 4054 159 N/A 38 87 75 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Croatian 4M 441 4167 109 109 70 149 85.8 13.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Croatian 5F 406 8229 237 N/A 72 135 71.5 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Croatian 7F 292 660 216 212 43 82 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Montenegrin 14F 129 5792 179 N/A 68 78 57.2 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 2M 159 6181 97 N/A 78 154 100 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 3M 217 5095 N/A N/A 51 59 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 5M 522 4958 101 N/A 52 152 80 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 6M 517 4322 123 N/A 66 151 83.4 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 7F 524 4448 190 N/A 71 92 87.5 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 8M 660 4043 124 125 45 145 100 14.3 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 9F 660 4587 189 188 45 56 100 20 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 10M 392 533 189 188 58 67 100 20 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 12F 964 4320 213 N/A 67 81 50 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 16M 69 3959 N/A N/A 45 55 40 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /slæbz/ 
Segment /b/ /z/ /b/ /z/ /b/ /z/ /b/ /z/ 
Serbian 17F 304 2445 202 192 43 107 75 50 
 
 
Spectrograms of <kids> 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
New York 6F 533 8515 152 N/A 34 107 66.7 0 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Virginia 60M 44 6306 176 N/A 97 108 44.5 0 
Measurement CoG (Hz)       
Word /kɪdz/        
Segment /d/ /z/ /d/ / z/ /d/ /z/ /d/   /z/ 
Massachusetts 21F 227 6519 131 N/A 58 75 33. 4 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
California 123F 588 7626 N/A N/A 96 42 30 70 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz) Duration (ms)
 40
/ 
   
Word /kɪdz/        
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/   /z/ 
Minnesota 143M 281 6276 75 N/A 59 176 50   0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Bosnian 1F 861 7665 217 N/A 95 290 22.3 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Bosnian 13F 244 4925 194 163 61 116 100 16.7 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Bosnian 15F 96 7004 N/A N/A 41 179 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Croatian 1F 404 4056 168 N/A 59 137 66.7 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Croatian 2F 402 5056 N/A N/A 36 192 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Croatian 4M 391 3199 96 N/A 41 143 50 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Croatian 5F 846 7958 N/A N/A 28 212 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Croatian 7F 388 6069 186 N/A 34 120 100 10 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 2M 240 6262 92 N/A 74 256 87.5 0 
Measurement CoG (Hz)       
Word /kɪdz/        
Segment /d/ /z/ /d/ / z/ /d/ /z/ /d/   /z/ 
Montenegrin 14F 177 5527 N/A N/A 37 118 0   0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 3M 514 6464 79 N/A 45 119 50 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 5M 383 4961 113 111 54 190 100 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 6M 415 4598 98 N/A 63 186 83.4 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 7F 468 5519 N/A N/A 55 158 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 8M 308 5074 85 87 56 185 100 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 9F 505 5775 117 N/A 42 145 75 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 10M 402 4631 154 151 36 224 100 30.5 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 12F 845 4322 N/A N/A 42 185 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 16M 50 6118 N/A N/A 134 176 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /kɪdz/ 
Segment /d/ /z/ /d/ /z/ /d/ /z/ /d/ /z/ 
Serbian 17F 1921 7628 N/A N/A 186 140 0 0 
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Spectrograms of <bags> 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
New York 6F 1592 7472 N/A N/A 22 111 0 0 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /bægz/        
Segment /g/ /z/ /g/ / z/ /g/ /z/ /g/   /z/ 
Massachusetts 21F 192 7473 140 N/A 42 73 75   0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Virginia 60M 232 5802 472 476 30 72 100 16.7 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
California 123F 147 7862 440 483 35 78 100 57.2 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Bosnian 1F 2311 6701 N/A N/A 36 239 0 0 
Measurement CoG (Hz)       
Word /bægz/        
Segment /g/ /z/ /g/ / z/ /g/ /z/ /g/   /z/ 
Minnesota 143M 241 6384 101 102 37 157 10 0 7.2 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Bosnian 13F 967 4533 102 N/A 33 99 33.4 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z /g/ /z/ /g/ /z/ /g/ /z/ 
Bosnian 15F 426 6023 N/A N/A 22 134 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Croatian 1F 267 4641 214 211 70 111 100 30 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Croatian 2F 1053 4623 N/A N/A 17 184 0 16.7 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Croatian 4M 336 3770 98 102 18 157 100 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Croatian 5F 1798 5124 N/A N/A 24 148 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Croatian 7F 1515 5925 N/A N/A 19 100 0 0 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /bægz/        
Segment /g/ /z/ /g/ / z/ /g/ /z/ /g/   /z/ 
Montenegrin 14F 176 7180 177 N/A 33 89 50   0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 2M 824 6253 N/A N/A 15 204 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 3M 32 5817 N/A 478 23 80 0 28.6 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 5M 406 5088 138 138 17 166 100 13.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 6M 762 4479 N/A N/A 24 229 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 7F 454 5408 146 143 27 102 100 10 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 8M 807 5239 N/A N/A 80 145 0 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 9F 956 5208 N/A N/A 27 128 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 10M 382 1861 181 181 16 166 100 18.8 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 12F 2007 5222 N/A N/A 27 109 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 16M 15 3970 295 N/A 57 127 80 0 
135 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /bægz/ 
Segment /g/ /z/ /g/ /z/ /g/ /z/ /g/ /z/ 
Serbian 17F 1955 5071 N/A N/A 33 126 0 0 
 
 
Spectrograms of <spoons> 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
New York 6F 350 4983 229 219 65 48 100 75 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Virginia 60M 427 6572 210 202 29 49 100 50 
Measurement CoG (Hz)       
Word /spunz/        
Segment /n/ /z/ /n/ / z/ /n/ /z/ /n/   /z/ 
Massachusetts 21F 243 4939 204 184 31 37 10 0 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
California 123F 241 5305 157 N/A 47 43 100 33.4 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /spunz/        
Segment /n/ /z/ /n/ / z/ /n/ /z/ /n/   /z/ 
Minnesota 143M 349 6979 147 138 84 117 10 0 8.4 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 1F 256 4682 213 203 66 135 100 8.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 13F 251 3397 211 219 36 76 100 71.5 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 15F 272 4927 180 182 14 116 100 18.2 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 1F 341 2928 265 258 80 118 100 54.6 
140 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 2F 276 2919 211 203 20 76 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 4M 250 3089 125 129 15 124 100 27.3 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 5F 275 6861 271 264 19 96 100 37.5 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 7F 254 1388 232 233 34 58 100 100 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 2M 200 6822 102 95 55 149 100 21.5 
Measurement CoG (Hz)       
Word /spunz/        
Segment /n/ /z/ /n/ / z/ /n/ /z/ /n/   /z/ 
Montenegrin 14F 311 4779 217 208 35 59 10 0 60 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 3M 381 5265 137 143 89 58 100 20 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 5M 343 4340 151 149 59 117 100 27.3 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 6M 313 3619 110 106 23 133 100 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 7F 343 2311 220 220 13 55 100 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 8M 367 4126 136 131 48 162 100 13.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 9F 306 3847 240 234 30 53 100 50 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 10M 411 769 203 207 33 65 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 12F 258 4134 228 230 42 47 100 33.4 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 16M 158 6867 131 121 41 57 100 40 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /spunz/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 17F 266 1969 258 219 55 67 100 100 
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Spectrograms of <Wednesday> 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
New York 6F 312 8356 187 182 74 143 100 21.5 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /wenzde/        
Segment /n/ /z/ /n/ / z/ /n/ /z/ /n/   /z/ 
Massachusetts 21F 251 6240 181 169 59 70 10 0 28.6 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Virginia 60M 359 6940 190 190 61 111 100 18.2 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
California 123F 230 1105 160 469 72 92 100 40 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 1F 241 6184 205 198 63 184 100 5.6 
Measurement CoG (Hz)       
Word /wenzde/        
Segment /n/ /z/ /n/ / z/ /n/ /z/ /n/   /z/ 
Minnesota 143M 224 4532 110 105 67 122 10 0 25 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 13F 292 4897 203 207 46 114 100 36.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Bosnian 15F 224 381 179 181 57 92 100 80 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 1F 322 962 117 114 42 136 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 2F 340 1697 168 135 82 96 100 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 4M 301 1589 118 115 30 75 100 75 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 5F 255 3401 245 258 64 136 100 77 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Croatian 7F 293 583 224 222 25 147 100 64.3 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /wenzde/        
Segment /n/ /z/ /n/ / z/ /n/ /z/ /n/   /z/ 
Montenegrin 14F 305 1184 191 177 40 110 10 0 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 2M 208 3168 106 108 52 98 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 3M 434 5427 107 99 41 83 100 25 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 5M 336 3871 113 110 66 91 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 6M 325 1497 107 103 24 133 100 85.8 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 7F 366 5008 180 175 51 104 100 45.5 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 8M 438 1297 113 112 57 117 100 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 9F 397 4869 192 184 26 116 100 63.7 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 10M 342 423 171 175 55 111 100 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 12F 236 4647 229 238 56 137 100 23.1 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 16M 168 2024 117 477 74 97 87.5 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /wenzde/ 
Segment /n/ /z/ /n/ /z/ /n/ /z/ /n/ /z/ 
Serbian 17F 240 1172 230 234 46 98 100 80 
 
Spectrograms of <things>, 1st occurrence 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
New York 6F 487 7136 197 187 90 65 100 20 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Virginia 60M 289 5677 227 448 110 78 100 0 
Measurement CoG (Hz)       
Word /θɪŋz/-1        
Segment /ŋ/ /z/ /ŋ/ / z/ /ŋ/ /z/ /ŋ/   /z/ 
Massachusetts 21F 291 4647 181 167 27 57 10 0 25 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
California 123F 270 166 152 N/A 108 43 91 0 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /θɪŋz/-1        
Segment /ŋ/ /z/ /ŋ/ / z/ /ŋ/ /z/ /ŋ/   /z/ 
Minnesota 143M 215 5489 121 117 91 87 10 0 37.5 
 
163 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 1F 1018 5838 N/A N/A 23 182 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 13F 304 1874 202 205 48 76 100 33.4 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 15F 213 6550 188 N/A 101 117 100 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 1F 382 2323 194 190 99 137 100 46.2 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 2F 332 2495 163 162 72 127 100 58.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 4M 267 3794 121 N/A 61 140 100 7.7 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 5F 266 5599 250 244 76 110 100 60 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 7F 258 2966 240 247 64 78 100 100 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 2M 611 5086 N/A N/A 15 297 0 0 
Measurement CoG (Hz)       
Word /θɪŋz/-1        
Segment /ŋ/ /z/ /ŋ/ / z/ /ŋ/ /z/ /ŋ/   /z/ 
Montenegrin 14F 317 6534 198 174 141 191 10 0 35 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 3M 325 2935 111 108 43 71 100 57.2 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 5M 393 4979 118 116 100 191 100 16.7 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 6M 1162 4977 N/A N/A 8 151 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 7F 344 5309 200 N/A 49 127 100 0 
170 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 8M 1030 4653 N/A N/A 26 233 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 9F 309 3548 271 266 38 89 100 50 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 10M 314 563 196 195 28 119 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 12F 279 2625 271 253 58 124 100 23.1 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 16M 99 2701 101 N/A 79 61 100 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-1 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 17F 275 269 266 243 125 37 100 100 
173 
 
 
Spectrograms of <things>, 2nd occurrence 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
New York 6F 341 2552 217 198 96 56 100 100 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /θɪŋz/-2        
Segment /ŋ/ /z/ /ŋ/ / z/ /ŋ/ /z/ /ŋ/   /z/ 
Massachusetts 21F 275 6793 190 174 52 59 10 0 20 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Virginia 60M 438 7894 205 198 63 88 100 25 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
California 123F 267 8020 165 163 88 64 100 20 
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60 Thre. (%) 
 
 
 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 1F 537 5674 N/A N/A 11 175 0 0 
Measurement CoG (Hz)       
Word /θɪŋz/-2        
Segment /ŋ/ /z/ /ŋ/ / z/ /ŋ/ /z/ /ŋ/   /z/ 
Minnesota 143M 235 5874 116 118 99 59 10 0 20 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 13F 285 5480 204 202 133 106 100 11.2 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Bosnian 15F 208 6386 193 N/A 45 96 60 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 1F 353 449 121 211 88 77 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 2F 234 1984 182 182 94 88 100 75 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 4M 317 4889 N/A N/A 16 89 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 5F 268 6329 256 250 68 152 100 33.7 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Croatian 7F 277 1393 219 221 51 81 100 100 
 
 
 
 
60 Thre. (%) Measurement CoG (Hz)       
Word /θɪŋz/-2        
Segment /ŋ/ /z/ /ŋ/ / z/ /ŋ/ /z/ /ŋ/   /z/ 
Montenegrin 14F 273 7072 204 191 140 126 10 0 16.7 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 2M 503 5702 N/A N/A 14 215 0 0 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 3M 224 5089 92 N/A 80 58 100 0 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 5M 361 4703 136 140 87 117 100 36.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 6M 1201 4418 N/A N/A 15 159 0 0 
182 
 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 7F 426 3509 213 211 71 82 100 71.5 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 8M 309 3661 173 291 85 139 100 30.8 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 9F 259 2855 202 201 75 52 100 100 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 10M 314 382 195 193 52 67 100 100 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 12F 276 1909 267 255 50 71 100 83.4 
 
 
 
 
Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 16M 129 3446 115 111 62 57 100 50 
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Measurement CoG (Hz) Pitch (Hz) Duration (ms) 40/60 Thre. (%) 
Word /θɪŋz/-2 
Segment /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ /ŋ/ /z/ 
Serbian 17F 332 5868 303 281 125 64 100 40 
 
